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Abstract - An annotated compendium is presented of 102 species of marine 
algae and animals that have been reported as introduced into Western 
Australian marine and estuarine waters, four of which are on the Australian 
national list of targeted marine pest species. For each species the authority, 
distribution (both in Western Australia and elsewhere), voucher specimen(s) 
and remarks are given. Sixty species are considered to have been introduced 
through human activity, including three on the list of Australian declared 
marine pests. I he most invasive groups are: hryozoans (15 species), 
crustaceans (13 species) and molluscs (9 species). Seven of these introduced 
species, including four natural introductions, have not been found recently 
and are not presently considered to be living in Western Australia. Twenty- 
six species are regarded as cryptogenic or native. The records of nine species, 
including two declared marine pests, are questionable or rejected. 

The distribution of the 60 introduced species shows that most (37) are 
temperate species that occur from Geraldton south; only 6 are tropical species 
that occur from Shark Bay north; 17 introduced species occur in both the 
southern and northern halves of Western Australia. Because most of the 
introduced species are temperate species, southern marine areas have more 
introduced marine species than northern areas. The greatest concentration is 
in the southwest corner: 46 in Fremantle, Cockburn Sound and the lower 
Swan River; 25 in Albany and 24 in Banbury. 

We conclude with a strong recommendation that continuing baseline 
taxonomic research and surveys of the Western Australian marine waters be 
regarded as an essential component of protecting and managing the State's 
valuable marine environment. 


INTRODUCTION 

The introduction of exotic species into the 
marine environment is a major threat to native 
biodiversity and ecosystem health (Padilla et al. 
1996; Hass and Jones 2000). Three primary vectors 
for marine introductions are recognised - via 
ballast water discharge, hull fouling or deliberate 
introductions, such as through aquaculture 
(Carlton 1985) (species can also be accidentally 
introduced by being attached to deliberately 
introduced organisms such as oysters). While most 
introductions remain relatively passive and 
apparently co-exist with native species without 
detriment, many others have the ability to become 
pests, dominating and excluding local species and 
resulting in major shifts in ecosystem structure 
(Brenchley and Carlton 1983; Grosholz and Ruiz. 
1995). Local loss of biodiversity is an inevitable 


result of these pest intrusions (Paesanti eta!. 1991; 
Blanchard 1995; Blanchard 1997; Wyatt et al. 2005). 
Some introduced species can directly impact 
human health, for example by toxin accumulation 
in shellfish due to toxic dinoflagellates 
(Hallegraeff et al. 1988). Consumption of 
contaminated shellfish may result in illness or 
death (Campbell 1994; Walters 1996). 

Western Australia (WA) has, thus far, remained 
relatively free of marine pests. Jones (1992a) 
recorded 25 marine introductions into the State's 
waters, over half (15) defected since the 1970s and 
most of those introduced by shipping, either as 
fouling organisms or via ballast water. Furlani 
(1996) also recorded 25 introduced marine species 
in Wes tern Australia. In 1999, this number was 
increased to 3(1 (Hass and Jones 1999). Those 
introductions that have been reported have 
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generally remained innocuous, or have been largely 
restricted to artificial environments such as 
harbours. This parallels the situation in other 
Australian areas. A search of the National 
Introduced Marine Pest Information System website 
(NIMPIS 2002) reveals a list of 44 species 
introduced or possibly introduced into WA. 
Additional information presented here increases the 
number of known introduced species to 60. As yet 
there are no published data regarding adverse 
impacts of introduced species in Western Australia 
{Hass and Jones 1999), but several have been shown 
to have significant impacts in other areas, by 
competition for food and/or space. For example, no 
threats to Western Australian native species, 
fisheries or seagrass beds were identified through 
the introduction of Sabella spallanzanii , the 
European fan worm (Clapin and Evans 1995), 
although studies in Victoria have suggested that 
this species has the potential to compete with native 
filter feeders and change the structure of the benthic 
food web (Walters 1996). Adverse impacts may not 
occur until decades after the initial introduction and 
establishment (Courtney 1990) and it would, 
therefore, be extremely short-sighted to assume that 
Western Australia's relatively unaffected marine 
environment is somehow immune to infestation by 
pest species. 

While the impact of introduced species in WA is 
as yet unknown, the likelihood of a pest outbreak 
is high, as the State includes many high traffic 
ports with a variety of habitats, ranging from 
tropical to temperate. Even a cursory review of the 
marine species known to be pests elsewhere will 
reveal that, for most, suitable conditions for their 
growth and possible survival can be found 
somewhere in the State (Department of 
Agriculture, Fisheries and Forestry 2006). Thus the 
risk of a pest incursion is high and on-going 
vigilance is important if WA is to remain relatively 
pest free. It is also pertinent to point out here that 
the incursion of marine pests is a two-way process. 
For example, the Australasian barnacle 
Austrominius modestus Darwin was introduced 
into Europe from Australia or New Zealand 
following the end of World War II, attached to the 
hulls of returning ships (Bishop, 1947). The species 
spread, becoming established on the British 
mainland coast and then extending to Europe 
(Bishop and Crisp 1957; Crisp 1958). Currently the 
species occurs from the Shetland Islands to 
Portugal and Maderia (Southward and Crisp 1963; 
Hiscock et al 1978; O'Riordan and Ramsay 1999; 
Wirtz et al. 2006). Similarly the temperate 
Australian gastropod Bedeva paivae (Crosse, 1864) 
has colonised South Africa (Kilburn and Rippey 
1982) and the south-western Australian green alga 
Caulerpa racemose var. cylindracea (Sender) 
Verlaque, Huisman and Boudouresque has become 


a major pest in the Mediterranean (Verlaque et al. 
2003). The vector by which these introductions 
occurred is not known, especially in areas where 
native fauna is not well documented. 

Several factors can hamper marine pest surveys. 
Obvious impediments include the marine 
environment itself, as most introductions remain 
hidden from sight, their presence often only 
revealed by snorkelling or SCUBA diving. Perhaps 
of greater significance, however, is the difficulty in 
accurately identifying introduced species and 
assessing their impact. For almost all introduced 
species it is virtually impossible to ascertain the 
'event' that led to the introduction, and many are 
not observed until they are well established and 
essentially impossible to eradicate. Accurate 
identification is essential, primarily to ensure that 
introduced species are not missed, but equally to 
ensure that native species are not inadvertently 
recorded as introductions, as there are many 
undescribed native species. For example, some 
species generally considered to be cosmopolitan 
may be undocumented introductions or, conversely, 
non-introduced native species (Chapman and 
Carlton 1991; Poore 1996). 

The large number of ships, private yachts, and 
illegal foreign fishers means that there is a 
considerable current potential for additional marine 
species to be introduced into WA. The current 
resource boom is concentrated in the Pilbara, but 
includes all parts of Western Australia. The planned 
increase in shipping movements means there will 
be increased threats of species being introduced 
into WA. There have already been several incidents 
that give cause for alarm. In October 2002, the cutter 
suction dredge Leonardo da Vinci arrived in 
Geraldton almost directly from the Caribbean and 
had a number of foreign species, including potential 
pest species, in its sea chests or attached to its hull. 
Prompt action was taken by authorities to minimise 
the chances of an introduction. A resurvey is 
planned to see if any species have been introduced. 
A second incident occurred in late 2006, when the 
dredge Volvox Australia arrived at the port of 
Dampier fouled with the Asian green mussel, Pema 
viridis. It was denied entry and went to Singapore 
for cleaning in drydock before being allowed to 
return to WA. More recently a barge arrived in 
Dampier and on inspection was found to have an 
extensively fouled hull. It was immediately ordered 
to go out to the 200 m depth contour and be cleaned 
before returning to port; on return to the coast the 
ship was reinspected and allowed to enter Port 
Hedland. 

In managing incidents such as these, it is critical 
that we understand what species have been 
introduced into Western Australia and where they 
occur. This paper develops the required 
information. 
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Figure 1 Map of the major areas of Western Australia where introduced marine species have been reported. 
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MATERIALS AND METHODS 

This paper presents a list of species reported or 
believed to have been introduced into Western 
Australian waters. The records have been drawn 
from a variety of sources, including the scientific 
literature, several unpublished surveys of WA ports 
and unpublished information. Figure 1 shows the 
major marine areas in Western Australia where 
introduced species have been recorded. Table 1 
shows the major surveys of Western Australian 
ports. We have listed all species previously 
documented as 'introduced' in the State. In 
addition, several species included herein are newly 
recorded; these meet at least some of the criteria 
used by Chapman and Carlton (1994, see below) for 
recognition of introduced species. Cryptogenic 
species (i.e., those potentially introduced but their 
origins presently obscure due to their widespread 
distribution) are listed only if they are known to 
exhibit pest tendencies elsewhere. 

Listed for each species are the authority and 
distribution (both Western Australian and 
elsewhere) incorporating published records and 
whether there are voucher specimen(s) in the WA 
Museum, WA Herbarium or other institutions. 
Occasionally no vouchers were available to support 
the records and these species should be viewed 
critically. Where several works are cited, it is likely 
that the earliest published will represent the 
original record, with those following generally not 
providing new records but repeating the original. A 
remarks section includes an assessment of any 
questionable records and an evaluation of the pest 
potential of the species. Finally, several tables 
indicating the present status of the species are 
given. 

Abbreviations for voucher specimens are: WAM = 
Western Australian Museum; PERTH = Western 
Australian Herbarium; AD = Adelaide Herbarium; 
MUCV = Monash University Botany Department 
Herbarium; QM = Queensland Museum; AM = 
Australian Museum; MV = Museum of Victoria. 


proximity to harbours suggests potential 
introductions. They have been assessed against the 
list of criteria provided by Chapman and Carlton 
(1994) to objectively identify marine introductions, 
including: 

1. Previously unknown locally (herein interpreted 
as no published records and no specimens in the 
WA Museum or Herbarium) 

2. Post introduction range extension 

3. Human mechanism of introduction 

4. Association with known introductions 

5. Association with artificial or altered 
environments 

6. Discontinuous or restricted regional distribution 

7. Disjunct global distribution 

8. Insufficient life history adaptations for global 
dispersal 

9. Exotic evolutionary origin 

These criteria are particularly useful when 
assessing recent introductions, but the status of 
species introduced some time ago and since 
naturalized cannot be determined without 
additional study, typically involving DNA 
sequencing methods to assess relationships between 
the local population and potential source 
populations. Voucher collections in museums and 
herbaria can also assist in determining a species' 
status, but these are often not available and 
historically record-keeping was generally not as 
detailed or consistent as it presently is. 
Compounding these difficulties is the high 
likelihood that populations of many widespread 
species arose from multiple introductions over time. 
In such cases, when a species is known to be widely 
distributed but its origin (or native range) cannot be 
determined, the species is regarded as 'cryptogenic'. 
A cryptogenic species may or may not be 
introduced, but current methods do not allow a 
definitive assessment. A species that is cryptogenic 
in one location, however, may subsequently be 
introduced to another. 


Assessing native or introduced status 

Several species listed herein represent new (or 
recent) records for Western Australia. These may 


DISCUSSION 

A total of 102 species are discussed in the present 
paper, enabling a more accurate assessment of the 


simply have been overlooked previously, but their 

Table 1 Major surveys for introduced marine species in 

status of introduced marine species in Western 

: Western Australia. 

Location 

Reference 

Identifications 

Esperance 

Campbell (2003b) 

WA Museum 

Albany 

CRIMP (1997b) 

CRIMP 

Bunburv 

CRIMP (1997a) 

CRIMP 

Fremantle 

CRIMP (2000) 

Various; WA Museum identified vouchers 

Gerald ton 

Campbell (2003a) 

WA Museum 

Dam pier 

Wells et a/. (2003); Jones (2004) 

WA Museum surveys accepted by NIMCPG in lieu of broad 
survey; numerous specialists identified the material. 

Fort Hedland 

CRIMP (1999) 

CRIMP 
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Table 2 Targeted pest species in Western Australia (4 
S PP-) 

Dinoflagellates 
Alexandrium minutum 
Alexandrium tamarense 1 

Polychaetes 

Sabella spallanzanii 

Molluscs 

Musculista senhousia 

1 Requires confirmation by genetic studies. 

Australia. Only four species are on the Australian 
national list of targeted marine pest species (Table 
2). Two are dinoflagellates, Alexandrium tamarense 
and A. minutum, although the record of A. 
tamarense is yet to be positively confirmed by 
genetic analyses (Hallegraeff 2007; pers. comm.). 
The other targeted marine pest species are the 


polychaetes Sabella spallanzanii and the bivalve 
mollusc Musculista senhousia. Table 3 lists 60 
marine species that have been introduced and and 
are presently established in Western Australia. They 
represent a wide range of plant and animal taxa. 
The groups with the most introduced species are 
bryozoans (15), crustaceans (13) and molluscs (9). 
Seven species have been reliably reported as 
introduced to Western Australia (i.e., with 
vouchers) but have not been collected or observed 
recently and are not presently known to occur in 
the State (Table 4). Four of these are natural 
introductions (Macpherson 1953; Wells and Kilburn 
1986). Twenty-six species are considered to be 
cryptogenic or native (Table 5). The records of nine 
species are questionable or have been excluded 
(Table 6). 

Altogether, 60 species are classified as being 
introduced and currently living in Western 


Table 3 Marine species introduced and presently established in Western Australia (60 spp 

Dinoflagellates (1 sp.) 

Hydroids (6 spp.) 

Alexandrium minutum 

Antennella secundaria 2 

Algae (4 spp.) 

Ectopleura crocea 

Eudendrum cameum 

Elachista orbicularis 

Halecium delicatulum 

Grateloupia imbricata 

Obelia dichotoma 

Pseudocodium de-vriesii 

Sarsia eximia 

Stictyosiphon soriferus 

Bryozoans (15 spp.) 

Molluscs (9 spp.) 

Velacumantus australis 

Amathia distans 

Godiva quadricolor 

Amathia vidovici 

Musculista senhousia 

Bowerbankia gracilis 

Mytilus edulis planulatus 

Bugula flabellata 

Okenia pellucida 

Bugula neritina 

Ostrea edulis 

Bugula stolonifera 

Polycera hedgpethi 

Conopeum seurati 

Scaeochlamys livida 

Cryptosula pallasiana 

Theora lubrica 

Savignyella lafontii 

Schizoporella errata 

Polychaetes (4 spp.) 

Schizoporella unicornis 

Alitta succinea 

Tricellaria occidentals 

Boccardia proboscidea 

Watersipora arcuata 

Ficopomatus enigmatica 

Watersipora subtorquata 

Sabella spallanzanii 

Zoobotryon verticillatum 

Crustaceans (13 spp.) 

Ascidians (5 spp.) 

Ascidiella aspersa 

Amphibalanus amphitrite 

Botryllus schlosseri 

Amphibalanus reticulatus 

Ciona intestinalis 

Cirolana harfordi 

Styela clava 

Paracerceis sculpta 

Styela plicata 

Paradella dianae 

Sphaeroma serratum 

Fish (3 spp.) 

Megabalanus ajax 

Acentrogobius pflaumi 

Megabalanus rosa 

Sparidentex hasta 

Megabalanus tintirmabulum 

Tridentiger trigonocephalus 

Monocorophium acherusicum 
Monocorophium insidiosum 

Monocorophium sextonae 

Tesseropora rosea 


2 considered by NIMPIS (2002) to be cryptogenic in parts of WA but introduced to the Pilbara region. 
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Table 4 Marine species introduced but not presently 
found in Western Australia (7 spp.) 

Crustaceans 
Carcinus maenas 
Pyromaia tuberculata 

Molluscs 

Bullia annulata (natural introduction) 

Crassostrea gigas 

Cymatium cutaceum africanum (natural introduction) 
Haliotis spadicea (natural introduction) 

Nassarius kraussianus (natural introduction) 


Table 5 Species considered to be cryptogenic or native 
(26 spp.) 


J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton 
Table 6 Questionable and excluded records (9 spp.) 

Dinoflagellates 

Alexandrium catenella 
Gymnodinium catenation 

Algae 

Striaria attenuata 
Crustaceans 

Amphibalanus improvisus 

Molluscs 

Haliotis diversicolor 
Haliotis hargravesi 
Teredo navilis 

Polychaetes 

Polydora ciliata 

Pseudopolydora paucibranchiata 


Dinoflagellates 

Alexandrium tamarense 3 

Algae 

Acarithophora spicifera 
Acrosymphyton taylorii 
Caulerpa taxi folia 
Cottoniella fusiformis 
Endarachne binghamiae 
Eucheuma denticulatum 
Hypnea musciformis 
Ulva fasciata 
Ulva taeniata 

Bryozoans 

Aetea anguina 
Beania mirabilis 
Syrmotum aegyptiacum 
Tricellaria inopinata 

Hydroids 

Aglaophenia parvula 
Antennella secundaria 4 
Eudendrium capillare 
Gymnangium gracilicaule 
Obelia bispinosa 
Obelia longissima 5 
Plumularia setacea 
Plumularia warreni 

Molluscs 

Nassarius burchardi 
Spisula trigonella 

Polychaetes 

Hydroides elegans 6 

Ascidians 

Botrylloides leachi 

3 Requires confirmation by genetic studies. 

4 considered by NIMPIS (2002) to be cryptogenic in parts of WA but 
introduced to the Pilbara region. 

5 according to sections of NIMPIS (2002), this species is not recorded 
from Australia, but elsewhere on the site is listed as cryptogenic 

6 Regarded as a possible introduction by NIMPIS (2002). 


Australia. All of these species occur in marine areas 
associated with harbours. A majority (34 species) 
have been recorded only in harbours. Twenty-six 
species occur both in harbours and on nearby open 
coasts, including estuaries such as the mouth of Peel 
Inlet. This strongly suggests species are being 
introduced through major nodes of human activity, 
followed by some spread to nearby areas. However, 
it should be noted that surveys for introduced 
species have been concentrated in harbours and the 
records from adjacent open shores are incidental. A 
targeted survey would be required to determine 
how widespread introduced species have become 
outside harbours. The most diverse groups on open 
coasts are bryozoans (7 species) and barnacles (5 
species). The bryozoans were all recorded in Shark 
Bay by Wyatt et al. (2005), and the barnacles from 
the various papers of DSJ. 

A second major finding of Table 7 is that most of 
the marine species introduced into Western 
Australia are cooler water, temperate species (37 
species) that occur from Geraldton south; only 6 are 
tropical species that occur from Shark Bay north; 17 
introduced species occur in both the southern and 
northern halves of Western Australia. The 
preponderance of temperate species is in agreement 
with most published work on introduced species. It 
must be noted that the Port of Dampier, which has 
considerable shipping activity, has not been 
surveyed in detail, although the associated Dampier 
Archipelago, which includes a broad variety of 
marine habitats, has been the subject of several 
intensive marine biodiversity surveys (Wells and 
Walker 2003; Jones 2004a). Because most of the 
introduced species are temperate, it follows that 
southern marine areas have more introduced 
marine species than northern areas. The greatest 
concentration is in the southwest comer of Western 
Australia: Fremantle (including Cockburn Sound 
and the lower Swan River) has 46 introduced 
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species and is the port with the largest number of 
vessel movements. Albany (25), Bunbury (24) and 
Esperance (15) are all smaller ports with fewer 
vessel movements and fewer introduced marine 
species. In addition to the high vessel activity in the 
Fremantle marine area, there is also considerable 
habitat diversity (both natural and artificial), which 
provides a variety of niches for introduced species 
to occupy. In this regard, the Albany area also has a 
wide variety of habitats in close proximity (Wells 
1990), so the large number of introduced species 
might be expected. Esperance has a much lower 
habitat diversity (Kendrick et al. 2005), so fewer 
species would be expected in that area. Bunbury 
stands out in this regard. The marine area is small 
and habitat diversity is low, so it would be expected 
to have relatively few introduced species. Instead, 
at 24, the number of introductions is high. A 
separate analysis is currently being undertaken of 
the numbers of vessel movements and where the 
vessels have come from. 

It is impossible to know when most of the species 
were introduced into Western Australia. Lamarck 
(1819) described Mytilus edulis planulatus from 
King George Sound. If the species is in fact 
introduced as we believe, it arrived with the very 
first European boats to visit the south coast and 
eastern Australia. That M. edulis is introduced has 
already been suggested by Hewitt (2003). Morton et 
al. (2003) reported the European oyster Ostrea 
edulis (Linnaeus, 1758) from Oyster Harbour, 
Albany. This species was also probably an early 
arrival. The first record of an introduced species in 
Western Australia appears to be the barnacle 
Amphibalanus amphitrite (Darwin, 1854), which 
was recorded from Broome, north-western 
Australia by the Swedish Mjoberg Expedition 
(1910-1913; in Broch 1916), although it was known 
previously from the east coast (Darwin 1854). 
Subsequently, the ascidian Botryllus schlosseri 
(Pallas, 1766) was recorded by Hartmeyer and 
Michaelsen (1928). These were followed by the 
polychaetes Alitta succinea (Leuckart, 1847) and 
Ficopomatus enigmatica (Fauvel, 1923) by Monro 
(1938). Kott (1952) reported the ascidian Styela 
plicata (Lesueur, 1823). There were two species 
recorded in the late 1970s and 11 in the 1980s. The 
great majority were reported in the 1990s and 
earlier this decade, many as a result of surveys 
undertaken by the CSIRO's Centre for Research on 
Introduced Marine Pests (CRIMP) and other 
surveys. However, many of these species may have 
been in Western Australia well before the first 
literature record. For example, the polychaete 
Sabella spalanzanii was first reported by Clapin and 
Evans (1995). Subsequent examination of the WA 
Museum collections demonstrated that the first 
specimen was collected in Albany in 1965 but it was 
not identified at that time. 


- The NIMPIS (2002) database can be searched by 
state or territory. A search of the database for 
introduced species lists the following numbers: 
Victoria (57); New South Wales (55); Tasmania (45); 
Western Australia (44); South Australia (43); 
Queensland (26); and the Northern Territory (9). 
While the data are out of date, identifications were 
often not done by specialists in the various groups, 
and are not backed by voucher specimens, they do 
suggest that on a nationwide basis there tend to be 
more introduced marine species on the temperate 
south coast than in the tropical northern waters, a 
point discussed by Hutchings et al. (2002). With 
about a third of Australia's coastline. Western 
Australia ranks fourth of the six states in the 
number of introduced marine species, just one 
species ahead of South Australia. We recognise 60 
species as being introduced and 26 as cryptogenic 
in the entire state of Western Australia. Hewitt et al. 
(2004) report 99 species as introduced to Port 
Phillip Bay, Victoria, alone, and an additional 61 
cryptogenic species in the bay. However, it should 
be recognised that the number of known introduced 
species is probably inflated by the detailed studies 
that have been conducted. There is cause for 
comfort in the relatively low number of species 
introduced into Western Australia given the 
14,000km of coastline and wide range of 
temperatures, spanning the full range of tropical 
and temperate habitats. However, it should be 
remembered that there have been recent incursions 
of the black striped mussel Mytilopsis sallei on 
illegal Indonesian fishing boats in Broome and Port 
Hedland and the Asian green mussel Perna viridis 
into Dampier. Whatever the current situation, there 
is still a great need for continued vigilance. 

One aspect arising from this project, for which we 
have co-opted the term "the taxonomic 
impediment" (Taylor 1983), warrants further 
comment. It is recognized that the identification of 
introduced species is a difficult process that 
requires specialist taxonomic knowledge and 
historic faunistic and floristic data (Hass and Jones 
2000). A common thread running through much of 
the literature regarding marine introductions is the 
lack of baseline studies and the difficulty in 
accurately identifying specimens. For example, the 
CRIMP survey of Fremantle Port (CRIMP 2000) 
recorded 44 species of red algae (Rhodophyta), of 
which 28 were essentially unidentified (Red sp. 1, 
etc.) and a further four are identified to genus only. 
Granted the study was targeted primarily at 
introduced and pest species, but how then does one 
recognise new introductions if the biota is not 
identified? A consequence of this inability to 
identify the vast majority of species is that the 
survey has no value as a baseline for further work. 
Also, if a species is not identified, there is no basis 
for knowing whether or not it is introduced. If 
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Table 7 Distribution of introduced marine species in Western Australia. (Note: Fremantle includes Cottesloe, 
Cockbum Sound, Garden I v Swan R. and Rockingham) 


Species 


Algae (4 spp.) 

Elachista orbicularis 
Grateloupia imbricata 
Pseudocodium de-vriesii 
Stictyosiphon soriferus 

Dinoflagellates (1 sp.) 

Alexandrium minutum 


Open coast 


Marine areas 


co O 


pq £ U D U 


3 •§ 


X X 


Bryozoans (15 spp.) 

Amathia distans 
Amathia vidovici 
Bowerbankia gracilis 
Bugula flabellata 
Bugula neritina 
Bugula stolonifera 
Conopeum seurati 
Cryptosula pallasiana 
Savignyella lafontii 
Schizoporella errata 
Schizoporella unicornis 
Tricellaria occidentalis 
Watersipora arcuata 
Watersipora subtorquata 
Zoobotryon verticillatum 


X 

X 

X 

X 

X 


X 

X 


XXX 
X X X X X 

XXX 
X 

XXX 

X X X X X 

X X X X 

X 

X X X X X 

X X X X 


X 

X 

X 

X X 
X 


X X 


X 


X 


Crustaceans (13 spp.) 

Amphibalanus amphitrite 
Amphibalanus reticulatus 
Cirolana harfordi 
Paracerceis sculpta 
Paradella dianae 
Sphaeroma serratum 
Megabalanus ajax 
Megabalanus rosa 
Megabalanus tintinnabulum 
Monocorophium acherusicum 
Monocorophium insidiosum 
Monocorophium sextonae 
Tesseropora rosea 


X X X X X 
X X 

X X 


XXX 
X X 

X X X X X 


X X X X 
X X 


X X X X 


X 

X X 


X X 
X 


X X 

XXX 

XXX 


Hydroids (6 spp.) 

Antenella secundaria 
Ectopleura crocea 
Eudendrium carneum 
Haledum delicatulum 
Obelia dichotoma 
Sarsia eximia 


X X X X 

X 

X 

XXX 

X 

X X 


XXX 

X 

XXX 
XXX 
X X 
X 


X 


Molluscs (9 spp.) 

Velacumantus australis 

Godiva quadricolor 

Musculista senhousia 

Mytilus edulis planulatus X X 

Okenia pellucida 

Ostrea edulis 


X X 
X 


X 

X 

X 

X 

X 
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Species 


Polycera hedgpethi 
Scaeochlamys livida 
Theora lubrica 

Polychaetes (4 spp.) 

Alitta succinea 
Boccardia proboscidea 
Ficopomatus enigmatica 
Sabella spallanzarrii 

Ascidians (5 spp.) 

Ascidiella aspersa 
Botryllus schlosseri 
Ciona intestinalis 
Styela plicata 
Styela clava 

Fish (3 spp.) 

Acentrogobius pflaumii 
Sparidentex hasta 
Tridentiger trigonocephalus 

Totals (60 spp.) 


Open coast 


Marine areas 


! I 

3 § 

< PQ 


£ O 


w u W 


X X 
X X 


XXX 


X X 
X 


X 
X 

X X 
X X 


X 

X 

X X 


4 14 18 8 


15 25 24 46 7 2 


6 6 12 3 2 0 


voucher specimens are deposited in the State 
Museum or Herbarium, future studies by 
taxonomists are possible, but unfortunately 
specimen deposition has often been neglected. 

In the past, a number of surveys of Australian 
ports have been conducted. The specimens collected 
were treated in different ways by a variety of 
contractors who conducted the work, often without 
the aid of taxonomists. Few collections were 
deposited in Australian museums or herbaria, so 
recorded distributions could not be verified by 
vouchered specimens. As part of the National 
System for the Prevention and Management of 
Introduced Marine Pests in Australia, funding was 
provided by the Natural Heritage Trust for the Port 
Survey Integration project (2005-2006), to firstly 
trace these collections and secondly relocate them 
to the relevant state museums and herbaria, where 
they could be housed, curated and made available 
for scientific study. Very few vouchers had been 
kept of marine algae. For fauna, 50,735 specimen 
lots were retrieved and deposited, including 15,967 
in the Western Australian Museum. The material 
ranged from unsorted lots in varying states of 
preservation to material identified to species. 
Specimens representative of introduced marine 
faunal pest, introduced and cryptogenic (likely 
introduced) species, which had been identified in 


each surveyed port, were verified by state museums 
dependent on the taxonomic expertise available. 
Fifteen introduced species and 17 cryptogenics 
were identified from the Western Australian 
material. These records are accessible nationally via 
the OZCAM website (Online Zoological Collections 
of Australian Museums). It is interesting to note 
that only one specific taxonomic group, the 
barnacles, had all the specimens identified to 
species in every port collection by a taxonomic 
expert (DSJ, an author of the present paper). 
Although this makes the barnacle data set a potent 
national asset, it also emphasises the severe lack of 
taxonomic expertise in Australia and the problems 
facing us in the identification of introduced pests, 
which in the port surveys were often identified by 
contractors with varying skill levels. 

A more positive example is the marine biological 
survey of the waters of the Dampier Archipelago 
conducted by the WA Museum from 1998 to 2002 
(Jones 2004a). Although this survey excluded the 
Port of Dampier, five species of introduced 
barnacles were recorded in the area, including port 
areas (Jones 2004b). Overall >4500 marine animal 
and plant species collected by the survey were 
identified to species by expert taxonomists world¬ 
wide, vouchered and deposited in the collections of 
the Western Australian Museum and the Western 
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Australian Herbarium. This material, collected from 
120 geo-positioned stations, is a valuable baseline 
for future work' including surveys for introduced 
species in the area (Jones 2004a, b). Although diving 
was not undertaken in the port operational areas, 
intertidal collecting was done, and we believe the 
results obtained are representative of the Dampier 
region. 

Unfortunately, capable marine taxonomists in 
Western Australia are few in number and poorly 
supported. For some ecologically important marine 
organisms (e.g. hard corals, soft corals, polychaetes, 
etc.) and groups with known fouling organisms 
(e.g. ascidians, bryozoans, hydroids, etc.) specimens 
need to be sent to interstate or overseas experts, as 
there are none in Western Australia. This lack of 
expertise severely hampers both the baseline 
assessment of the Western Australian marine biota 
and the assessment of potential introductions. There 
can be no substitute for taxonomic expertise and 
experience. It would be folly to expect that species 
recognition and assessment of invasive status can 
be undertaken without input from experienced 
taxonomists. Furthermore, it is imperative that 
voucher specimens be retained. These permanent 
collections permit reassessment of records and 
allow for update of names following taxonomic 
revisions. Unvouchered records are of limited value 
and can only be assessed in light of the level of 
expertise of the identifier, for the most part a fairly 
nebulous gauge of a record's worth. Voucher 
specimens remove all doubt, particularly where 
future studies may show there are sibling species or 
presently undescribed native species. 

We conclude with a strong recommendation, that 
continuing baseline taxonomic research and surveys 
of the Western Australian marine waters be 
regarded as an essential component of protecting 
and managing the State's valuable marine 
environment. 


SPECIES LIST 

Algae (Chlorophyta, Heterokontophyta, 
Rhodophyta) 

Preamble 

The Western Australian marine benthic flora 
includes numerous species that are widely 
distributed, particularly so in tropical areas where 
many of the taxa have a broad Indo-West Pacific 
distribution. These species could be regarded as 
cryptogenic (i.e., potentially introduced but their 
origins presently obscure due to their widespread 
distribution), but there seems little value in 
including them in this compendium. Womersley 
(2003: 499), faced with a similar situation in the 
southern Australian marine flora, commented 


J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton 

"There are numerous species in all three phyla 
which are regarded as widely dispersed species 
rather than adventive (i.e., introduced). These 
include some species (such as Polysiphonia brodiei) 
which may be adventive, but they have known to 
be present for a long time and are known from 
several localities." While we have not included the 
majority of these widespread species, we have, 
however, incorporated cryptogenic species that are 
known introductions or pest species in other areas. 

CHLOROPHYTA 

Class Ulvophyceae (Green Algae) 

Order Bryopsidales 

Family Caulerpaceae 

Caulerpa taxifolia (Vahl) CAgardh, 1817 

Western Australian records and vouchers 
Known from the Abrolhos Islands (PERTH 
03985369) and north into tropical WA (PERTH 
07117620). 

Distribution elsewhere 

Widespread in tropical seas. The invasive strain is 
thought to have originally come from southern 
Queensland and has been introduced to New South 
Wales and South Australia (in addition to overseas 
locations such as the Mediterranean and California) 
(Jousson et ah 2000; Cheshire et al. 2002; Millar 
2002; Schaffelke et al. 2002). Subtle genetic 
differences between these populations suggest that 
several independent introductions have occurred. 

Remarks 

This species has been recorded from tropical 
Western Australia, but it is unlikely to be the 
invasive strain of C. taxifolia. Molecular testing is 
required to positively identify the invasive strain. 
No unusually prolific infestations of C. taxifolia 
have been reported and the species has not been 
seen outside of its expected tropical distribution. 

Family Pseudocodiaceae 

Pseudocodium devriesii Weber-van Bosse, 1896 

Western Australian records and vouchers 
Known only from Cottesloe and off Rous Head, 
Fremantle (PERTH 07259948; 07259697). 

Distribution elsewhere 

Known from East London, South Africa eastward 
to Mozambique; Madagascar (Coppejans et al. 
2005). 
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Remarks 

' This species appears to be restricted to the Rous 
Head and Cottesloe area, where it forms small 
clusters in sand associated with rocks. It was first 
observed in 2000 and its proximity to Premantle 
harbour suggests it is probably an introduction. 
DNA sequence analyses (Verbruggen, pers. comm., 
2006) have demonstrated its conspecificity with 
specimens from South Africa. The population does 
not appear to be spreading but any expansion 
should be monitored closely. 


Order Ulvales 
Family Ulvaceae 

Ulva taeniata (Setchell) Setchell and Gardner, 
1920 

Western Australian records and vouchers 

Fremantle, Swan Estuary (Womersley 1984: 149; 
Phillips 1988: 450, as U. stenophylla ; MUCV 1578, 
1579). 

Distribution elsewhere 

Pacific coast of North America; Hawaiian Islands; 
Australia; New Zealand. 

Remarks 

Ulva is represented by two widespread species 
that occur sporadically (U. taeniata ) or commonly 
(U. fasciata ) in the Perth region. Very little is known 
of the relationships of these species with overseas 
populations. Ulva taeniata was recorded by 
Womersley (1984) for the Perth region and 
subsequently listed by Womersley (2003) as a 
'probable adventive species'. Phillips (1988: 450) 
referred the Womersley (1984) record to U. 
stenophylla and the true identity of the Western 
Australian entity requires more detailed (probably 
molecular) comparisons with overseas populations. 
Whatever the outcome, the species will still be 
regarded as introduced or cryptogenic, as the native 
distributon of both species is the Pacific coast of 
North America. 


Ulva fasciata Delile, 1813 

Western Australian records and vouchers 
Swan River Estuary (Phillips, 1988: 436; PERTH). 
Cryptogenic on the lower west coast of WA 
(NIMPIS, 2002). 

Distribution elsewhere 

Widespread in tropical to temperate seas. 

Remarks 

See remarks under U. taeniata. 


Heterokontophyta 

Class Phaeophyceae (Brown Algae) 

Order Chordariales 

Family Elachistaceae 

Elachista orbicularis (Ohta) Skinner, 1983 

Western Australian records and vouchers 
King George Sound (PERTH 04156404); Rottnest 
■I. (Womersley, 1987: 78; PERTH 04156382). 

Distribution elsewhere 

Native to Japan; introduced to southern Australia 
(Rottnest I. and Albany, WA; Port Noarlunga to 
Port Elliot, SA, and Garie Beach, NSW) (Womersley 
1987). 

Remarks 

This species forms dark brown tufts on Ecklonia 
radiata. It is common in the Perth region and was 
thought to be an introduction from Japan 
(Womersley 1987). Given its small size and 
seemingly negligible effect on the host, Elachista 
orbicularis is unlikely to become a pest species. 

Order Dictyosiphonales 
Family Striariaceae 
Striaria attenuata Greville, 1828 

Western Australian records and vouchers 

Not present; no vouchers. 

Distribution elsewhere 

Adelaide, SA, Tas., and Pambula, NSW; 
temperate N. Atlantic; southern New Zealand; 
Japan (Womersley 1987). 

Remarks 

Jones (1992, table 4) tabulated several species of 
marine introductions, including this brown alga, 
citing Skinner and Womersley (1983). Western 
Australian records of the species are not mentioned 
in that publication or in Womersley's subsequent 
Marine Benthic Flora of Southern Australia (1987), 
and the species does not appear to occur in WA. 

Stictyosiphon soriferus (Reinke) Rosenvinge, 1935 

Western Australian records and vouchers 

Albany (Skinner and Womersley, 1983; 
Womersley, 1987: 314; AD A51388). 

Distribution elsewhere 

North Atlantic; Mediterranean; introduced in 
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southern Australia (Albany to Port Phillip Bay, Vic. 
in harbours) (Womersley 1987). 

Remarks 

Thought to be an introduction from the North 
Atlantic (Womersley 1987: 314), as in southern 
Australia it is predominantly restricted to harbours. 
The status of the species in Albany is presently 
unknown, as it was not mentioned in the CRIMP 
(1997b) survey of the Port of Albany and has not 
been the subject of a targeted search. 

Order Scytosiphonales 

Family Scytosiphonaceae 

Endarachne binghamiae J.Agardh, 1896 

Western Australian records and vouchers 
Cottesloe, on intertidal rock (Huisman et ah 2006), 
Rottnest I. (PERTH 07573286; 07573278). 

Distribution elsewhere 
Widespread in temperate and tropical seas. 

Remarks 

This species is only recently recorded for WA, 
from an area close to Fremantle Harbour. It has 
since also been observed at Rottnest Island. Given 
its widespread distribution elsewhere, the origins 
of the Perth specimens of Endarachne will be 
difficult to assess. Moreover, the superficially 
similar Petalonia fascia is well known as a winter 
annual in the Perth region, which might have led to 
earlier populations of Endarachne being 
overlooked. Since it has not displayed pest 
tendencies in other areas and is restricted to 
intertidal habitats, E. binghamiae is unlikely to 
become a problem species in WA. 

Rhodophyta 
(Red Algae) 

Class Florideophyceae 

Order Ceramiales 

Family Delesseriaceae 

Cottoniella fusiformis Borgesen, 1930 
(also reported as C. filamentosa var. fusiformis). 

Western Australian records and vouchers 
Houtman Abrolhos and Dampier Archipelago (as 
C. filamentosa ; Huisman, 1997, 2000; Huisman and 
Borowitzka, 2003; PERTH: MURU DAR 1276). 

Distribution elsewhere 

Widespread in warmer waters. 


J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton 
Remarks 

Recorded as adventive by Womersley (2003: 500) 
based on South Australian records from eastern 
Gulf St. Vincent. This species is known in WA from 
many locations. It has a broad distribution in 
warmer waters and its presence in WA is not 
unexpected. 

Family Rhodomelaceae 

Acanthophora spicifera (Vahl) Borgesen, 1910 

Western Australian records and vouchers 
Dawesville (PERTH 07573294); Houtman 
Abrolhos north (Huisman, 2000; PERTH - MURU 
DAR 1508). 

Distribution elsewhere 

Widespread in tropical and warm temperate seas. 
Remarks 

A widespread species in many tropical areas, 
including the warmer waters of WA, A. spicifera 
was introduced to the Hawaiian Islands and has 
become a major pest species, virtually dominating 
many intertidal and shallow subtidal reef flats. It is 
generally only encountered sporadically in WA. 
However, a recent bloom (2007) of A. spicifera has 
occurred at Dawesville, which is of great interest as 
it is outside the usual range of the species, and the 
population is very dense (Hosja, pers. comm.). 
Specimens from the Dawesville population are 
presently being analysed to assess their 
relationships with those from northern WA and 
also with Hawaiian populations. 

Order Gigartinales 

Family Acrosymphytaceae 

Acrosymphyton taylorii Abbott, 1962 

Western Australian records and vouchers 
Rottnest I.; Houtman Abrolhos (Huisman 2000; 
PERTH 06559050; 06559077). 

Distribution elsewhere 

Widespread in warmer waters of the Indo-West 
Pacific; Hawaiian Islands (Millar and Kraft, 1984; 
Huisman, 2000). 

Remarks 

Recorded as adventive by Womersley (2003: 500) 
based on a South Australian record. This species is 
known in WA from Rottnest Island and some 
localities further north (e.g. Houtman Abrolhos 
Islands). It has a broad distribution in warmer 
waters of the Indo-Pacific and its presence in WA is 
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not unexpected. Acrosymphyton taylori is known 
only from the conspicuous gametophyte phase of 
the life history, the tetrasporophyte presumably 
cryptic and presently unknown. Gametophytes are 
usually spring-summer annuals. As such, A. taylori 
is similar to several other seasonal red algae found 
in WA, none of which are regarded as pests. 

Family Hypneaceae 

Hypnea musciformis (Wulfen) Lamouroux, 1813 

Western Australian records and vouchers 
Point Peron (PERTH 07573545; 07573553). 

Distribution elsewhere 

Widespread in warmer seas (Guiry and Guiry 
2007). 

Remarks 

Specimens compatible with descriptions of this 
species are occasionally common in the Perth 
region. This species forms blooms in the Hawaiian 
Islands, probably as a response to increased 
nutrients. As yet, H. musciformis has not been 
problematic in WA. DNA sequence analyses are 
being undertaken to assess the relationships 
between local and overseas specimens. 

Family Solieriaceae 

Eucheuma denticulatum (Burman) Collins and 
Hervey, 1917 

Western Australian records and vouchers 
From the Houtman Abrolhos (rarely), and 
northward of the North West Cape region 
(Huisman, 2000; Huisman and Borowitzka, 2003; 
PERTH 07235445; 06706541). 

Distribution elsewhere 
Widespread in the Indo-Pacific. 

Remarks 

A widespread species in the Indo-Pacific and 
found in several locations in tropical WA. This 
species was intentionally introduced to the 
Hawaiian Islands and has become a major pest. WA 
populations have not shown similar tendencies. 

Order Halymeniales 
Family Halymeniaceae 
Grateloupia imbricata Holmes, 1896 

Western Australian records and vouchers 

Cottesloe (Huisman etal 2006; PERTH 07573316). 


Distribution elsewhere 

Native to Japan, introduced to the Mediterranean 
(Verlaque et al. 2005). 

Remarks 

At present known in WA only from a rocky 
groyne in Cottesloe (Huisman et al. 2006), DNA 
sequence analyses (De Clerck, pers. comm.) have 
indicated that the local material is closely related to 
populations of this species in Japan and the 
Mediterranean (the latter considered an 
introduction, Verlaque et al. 2005). Further studies 
of the extent of this species in WA are required. 


Dinophyta 

(Dinoflagellates) 

Class Dinophyceae 
Order Gonyaulacales 
Family Gonyaulaceae 

Alexandrium catenella (Whedon and Kofoid 1936) 
Balech, 1985 

Western Australian records and vouchers 

Listed as occurring in WA in the Schedule of 
"Known exotic species in Australian waters 7 
(CRIMP 1997b, 2000); in ballast water of ship 
arriving at Port Hedland (Hallegraeff and Bolch 
1992). 

Distribution elsewhere 

Widespread in many temperate seas; cryptogenic 
in south-eastern Australia (NIMPIS 2002). 

Remarks 

Viable cysts of this species were collected and 
germinated from the ballast tanks of a ship arriving 
in Port Hedland (Hallegraeff and Bolch 1991,1992), 
but it is not known if local populations were 
established as a result. The species has never been 
collected directly from WA waters (Hallegraeff 
2007; pers. comm.). NIMPIS (2002) indicates only a 
south-eastern Australian distribution. 


Alexandrium minutum (Halim, 1960) Balech, 1989 

Western Australian records and vouchers 

Bunbury (CRIMP 1997a, as 7 cf/); Bunbury and 
Geographe Bay, Mandurah, Peel Inlet, Cockburn 
Sound, Swan River (Hallegraeff and Hosja 1993; 
NIMPIS 2002). 

Distribution elsewhere 

Cryptogenic in the Mediterranean, Spain, New 
Zealand, east coast of USA, south east Asia and 
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parts of south-east Australia, introduced to Tas v 
parts of SA and southwestern WA (Chang and 
McClean 1997; Giacobbe et al. 1996; NIMPIS 
2002 ). 

Remarks 

This and the following species are recorded 
sporadically in WA waters, either as the swimming, 
flagellated stage or as benthic cysts. In other areas 
of the world, these species form dense toxic blooms 
in shallow lagoons and brackish marine 
embayments that may be accompanied by mortality 
of fish and shellfish (Sorokin et al. 1996) and in 
outbreaks of paralytic shellfish poisoning (PSP) 
(Anderson et al. 1983). No blooms have been 
reported in WA. Monitoring is routinely 
undertaken of commercial mussel and oyster 
farming areas in WA. 

Alexandrium tamarense (Lebour) Balech, 1985 

Western Australian records and vouchers 
Bunbury (CRIMP 1997a, as 'cf.'); Fremantle 
(CRIMP 2000). NIMPIS (2002) lists this species as 
being possibly introduced into the south coast and 
lower west coast of WA. 

Distribution elsewhere 

Native range unknown, cryptogenic almost 
worldwide in temperate coastal waters (Turpin et 
al 1978; Anderson et al. 1983; Schrey et al 1984; 
Ogata et al 1987; Anderson et al 1994; Sorokin et 
al. 1996; Adachi et al. 1999), including southern 
Australia (Parry et al 1997; Cohen et al 2001; 
Aquenol 2001; Ruiz Sebastian et al. 2005). 

Remarks 

Alexandrium tamarense - like cells were found in 
the preserved Fremantle port survey collections, but 
obviously these could not be cultured, and cysts 
from Fremantle were also never successfully 
germinated (Hallegraeff 2007; pers. comm.). Thus 
this record remains to be confirmed genetically. 
Alexandrium tamarense is linked with paralytic 
shellfish poisoning (PSP) (Giacobbe et al 1996; 
Chang and McClean 1997). 


Order Gymnodiniales 

Family Gymnodiniaceae 

Gymnodinium catenatum Graham, 1943 
(now G. microreticulatum ) 

Western Australian records and vouchers 
Albany (CRIMP 1997b); Bunbury (CRIMP 
1997a). 


J.M. Huisman, D.S. Jones, F.E. Wells, T. Burton 
Distribution elsewhere 

Native range unknown, cryptogenic in cool 
temperate to tropical/subtropical seas virtually 
worldwide (Matsuyama et al 1999), including 
parts of southern Australia. Introduced to 
Tasmania (Hallegraeff and Bolch 1991; 
Hallegraeff et al. 1997; McMinn et al. 1997; 
Lovejoy et al. 1998; Bolch et al 1999; Bolch and 
Reynolds 2002). 

Remarks 

Gymnodinium catenatum cysts were reported in 
high concentrations from several locations in 
Albany and Bunbury by CRIMP (1997a, b), but the 
original identification was of " Gymnodinium 
catenatum - like cysts" (Hallegraeff 2007; pers. 
comm., including emphasis). This taxon was 
subsequently described as the new, non-toxic 
species Gymnodinium microreticulatum (Bolch et 
al 1999). Gymnodinium catenatum has never been 
seen in WA waters (Hallegraeff 2007; pers. 
comm.). 

Bryozoa (Bryozoans) 

Class Gymnolaemata 
Order Cheilostomatida 
Family Aeteidae 
Aetea anguina Linnaeus, 1758 

Western Australian records and vouchers 

Shark Bay (Wyatt et al 2005). 

Distribution elsewhere 

Widely distributed throughout most seas, 
apparently only absent from polar regions, common 
in European seas (Osburn 1950; Ryland 1965; 
Ryland and Hayward 1977); in southern Australia 
from Port Phillip Bay, Vic. (Black 1971; Vigeland 
1971; Bock 1982; Hewitt et al 2004). 

Remarks 

A common but inconspicuous member of the 
fouling fauna, usually found growing over the 
surface of algae, other invertebrates, rocks, shells, 
wooden structures and almost any submerged 
object (Ryland 1965; Ryland and Hayward 1977; 
Bock 1982). 


Family Beaniidae 

Beania mirabilis Johnston, 1840 

Western Australian records and vouchers 
Port Hedland (WAM 30558). 
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Distribution elsewhere 

Widespread in warm and warm temperate seas 
(Osburn 1950; Ryland and Hayward 1977; Winston 
1982). 

Remarks 

An inconspicuous species that grows on a variety 
of surfaces but is probably often overlooked 
(Ryland and Hayward 1977; Winston 1982). 

Family Bugulidae 

Bugula flabellata (Thompson in Gray, 1848) 

Western Australian records and vouchers 
Albany (CRIMP 1997b; WAM 30985); Bunbury 
(CRIMP 1997a; WAM 30530; 32085); Fremantle and 
Cockburn Sound (CRIMP 2000; WAM 30812; 
32846). South coast and lower west coast of WA 
(NIMPIS 2002). 

Distribution elsewhere 

Possibly native to Atlantic and Mediterranean 
coasts. Widely distributed in warm and temperate 
seas (Ryland 1965; Ryland and Hayward 1977; 
Gordon 1986; Gordon and Mawatari 1992); in 
Australia from Port Adelaide, SA (Allen 1953; 
Brock 1985), Port Phillip Bay, Vic. (Keough and 
Ross 1999; Cohen et ah 2001; Hewitt et al. 2004) 
and Eden to Port Stephens, NSW (Allen and Wood 
1950). 

Remarks 

Found almost invariably attached to other 
bryozoans. Occurs commonly on rocky shores near 
low water mark and among the epibenthos of 
inshore waters (Ryland and Hayward 1977); mainly 
found on stones, shells etc, occasionally on harbour 
structures, from low water mark and coastal waters 
(Ryland 1965). 

Bugula neritina (Linnaeus, 1758) 

Western Australian records and vouchers 
Esperance (Western Australian Museum, 2002; 
Campbell 2003b; WAM 30570; 30572); Albany 
(CRIMP 1997b; WAM 30959; 30968); Bunbury 
(WAM 4973; 4974); (CRIMP 1997a; WAM 32071; 
32080); Fremantle (CRIMP 2000; WAM 4987); 
Cockburn Sound (WAM 30813); Shark Bay (Wyatt 
et al. 2005); Geraldton (WA Museum, 2001; 
Campbell, 2003a); Port Hedland (CRIMP 1999; 
DALSE 2004); Dampier (Mackie et at 2006). 
Introduced into all areas of WA (NIMPIS 2002). 

Distribution elsewhere 

Widely distributed throughout most seas 


worldwide, except in cold polar and subarctic/ 
subantarctic regions (Osburn 1950; Ryland 1965; 
Ryland and Hayward 1977; Winston 1982; Gordon 
1986; Keough 1989; Gordon and Mawatari 1992); 
in Australia from most areas (Keough and Ross 
1999) including Port Phillip Bay, Geelong, 
Portland, Vic. (Black 1971; Vigeland 1971; Parry et 
al 1997; Currie et al. 1998; Cohen et al. 2001; 
Hewitt et al. 2004); Port Adelaide, SA (Brock, 
1985); Port Hacking, Port Jackson, Port Kembla, 
NSW (Allen and Wood 1950; Vail and Wass 1981; 
Moran and Grant 1993); and Launceston, Tas. 
(Aquenol 2001). Genetic analysis suggests a 
common source for globally widespread 
introductions (Mackie et al. 2006). 

Remarks 

Found worldwide in warm water ports and 
harbours, this is a serious and common fouling 
organism that grows on a wide variety of substrata 
(Ryland 1965; Ryland and Hayward 1977; Bock 
1982; Winston 1982). 

Bugula stolonifera Ryland, 1960 

Western Australian records and vouchers 

Esperance (Western Australian Museum, 2002; 
Campbell 2003b; WAM 30582; 30583); Albany 
(WAM 30983; 30984); Bunbury (WAM 30974; 
32105); Shark Bay (Wyatt et al. 2005); Port Hedland 
(WAM 30634; CRIMP 1999; WAM 32176; 32187). 

Distribution elsewhere 

Mediterranean Sea, Adriatic Sea, southern Britain, 
Ireland, Ghana, Massachusetts to Florida, Gulf of 
Mexico, Brazil, Panama Canal; New Zealand, South 
Australia (Ryland 1965; Ryland and Hayward 1977; 
Winston 1982; Gordon 1986; Gordon and Mawatari 
1992); in Australia known from Port Adelaide, SA 
(Brock 1985) and Port Phillip Bay, Vic. (Hewitt et al 
2004). 

Remarks 

This is a common fouling species, mainly found 
in ports and harbours on- submerged structures 
where colonies are commonly associated with B. 
neritina (Ryland 1965; Ryland and Hayward 1977). 
It is less tolerant of warm temperatures than that 
species (Winston 1982). 


Family Candidae 

Tricellaria inopinata Hondt and Occhipinti 
Ambrogi, 1985 

Western Australian records and vouchers 
Port Hedland (WAM 30555). 
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Distribution elsewhere 

Origin: Probably Pacific, known to be invasive 
in New Zealand and Europe (Dyrynda et al. 
2001); cryptogenic in southern Australia 
(Zibrowius 1991; Aquenol 2001 citing a pers. 
comm, from P. Bock). 

Remarks 

Bock (cited in Aquenol 2001) indicates that this is 
a cosmopolitan species that has only recently been 
distinguished from several closely related taxa, and 
that many of the records of T. occidentals may 
represent T. inopinata. Further work is required to 
establish the distributions of these species in 
Australia. 

Tricellaria occidentalis (Trask, 1857) 

Western Australian records and vouchers 
Fremantle (CRIMP 2000; WAM 32702; 30814); 
Barrow I. (Wells and Huisman 2004; Western 
Australian Museum 2005); (WAM 8520; no location 
given). 

Distribution elsewhere 

Known from British Columbia to California, 
Japan, China, New Zealand, Venice, Italy (Osburn 
1950; Gordon 1986); in Australia from SA and Port 
Phillip Bay, Vic. (Gordon and Mawatari 1992; 
Hewitt etal. 2004). 

Remarks 

See under T. inopinata. 

Family Cryptosulidae 
Cryptosula pallasiana (Moll, 1803) 

Western Australian records and vouchers 

Albany (CRIMP 1997b; WAM 30994; 30996; 
32029); Bunbury (CRIMP 1997a; WAM 30528; 
32102; 32359); Fremantle (CRIMP 2000; WAM 
30804; 32803). South coast and lower west coast 
(NIMPIS 2002). 

Distribution elsewhere 

Widespread around the world, particularly in 
ports, harbours and estuaries (Ryland 1965; Hayward 
and Ryland 1979; Winston 1982; Gordon 1989; 
Gordon and Mawatari 1992); in Australia from the 
south coast (Bock 1982), including Port Adelaide, SA 
(Brock 1985) and Port Phillip Bay and Western Port, 
Vic. (Keough and Ross 1999; Hewitt et al. 2004); 
Sydney Harbour, NSW (Keough and Ross 1999). 

Remarks 

This is a common and well-known component of 
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the fouling fauna that can be found encrusting on 
virtually all solid surfaces in the intertidal or 
shallow subtidal, including boat hulls (Ryland 1965; 
Hayward and Ryland 1979; Bock 1982; Gordon 
1989; Gordon and Mawatari 1992); its distribution 
may be related to proximity to shipping lanes 
(Winston 1982). 


Family Electridae 

Conopeum seurati (Canu, 1928) 

Western Australian records and vouchers 
Esperance (Western Australian Museum 2002; 
Campbell 2003b; WAM 30568); Shark Bay (Wyatt et 
al. 2005). 

Distribution elsewhere 

Estuarine habitats in Britain, northern Europe, 
Mediterranean, New Zealand, Northeast Pacific, 
Florida (Ryland and Hayward 1977; Winston 1982; 
Gordon 1986; Gordon and Mawatari 1992); 
elsewhere in Australia from Port Phillip Bay, Vic. 
(Hewitt et al. 2004). 

Remarks 

This species is tolerant of extreme fluctuations in 
salinity and temperature (Ryland and Hayward 
1977; Gordon and Mawatari 1992). 


Family Epistomiidae 

Synnotum aegyptiacum (Audouin, 1826) 

Western Australian records and vouchers 
Port Hedland (WAM 30551). 

Distribution elsewhere 

Widespread in warm waters, including Indonesia, 
Timor, Singapore, Japan, Indian Ocean, Red Sea, 
Mediterranean Sea, Brazil, Florida, California 
(Osburn 1950; Gordon 1984); in Australia from Vic. 
and NSW (Gordon 1984). 


Family Savignyellidae 

Savignyella lafontii (Audouin, 1826) 

Western Australian records and vouchers 
Shark Bay (Wyatt et al. 2005); Barrow I. (Wells 
and Huisman 2004; Western Australian Museum 
2005); Port Hedland (WAM 30556; 32310). 

Distribution elsewhere 

Widely distributed in warmer waters (Osburn 
1952; Winston 1982; Wyatt et al. 2005). 
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Remarks 

This species is usually found associated with 
algae, sponges, Zoobotryon and hydroids; its 
delicate colonies are not usually obvious until 
examined microscopically (Winston 1982). 


Family Schizoporellidae 
Schizoporella errata (Waters, 1878) 

Western Australian records and vouchers 

Esperance (Western Australian Museum 2002; 
Campbell 2003b; WAM 30566; 30573); Albany 
(WAM 30541; 30535; 30547); Bunbury (WAM 
30533); Fremantle Harbour (CRIMP 2000; WAM 
33011); Geraldton (WA Museum 2001; Campbell 
2003a); Shark Bay (Wyatt etal. 2005). 

Distribution elsewhere 

Widespread in warm temperate to subtropical 
seas (Ryland 1965; Hayward and Ryland 1979; 
Gordon and Mawatari 1992); in Australia known 
from Port Adelaide, SA (Brock 1985); Port Phillip 
Bay, Vic. (Hewitt et al 2004). 

Remarks 

A well known fouling species, mostly found in 
shallow water in ports and harbours (Ryland 1965; 
Hayward and Ryland 1979). 

Schizoporella unicornis (Johnston, 1847) 

Western Australian records and vouchers 
Esperance (Western Australian Museum, 2002; 
Campbell, 2003b; WAM 30567; 30571); Albany 
(CRIMP 1997b; WAM 32633); Bunbury (CRIMP 
1997a; WAM 30532; 30534; 32104); WA (Pollard and 
Hutchings 1990b); Fremantle Harbour (Allen 1953). 
South coast and lower west coast of WA (NIMPIS 
2002 ). 

Distribution elsewhere 

Cryptogenic in Japan and colder waters of the 
eastern Atlantic; introduced to the northeast 
Pacific (including the Hawaiian Is), west Atlantic 
(Osburn 1952; Ryland 1965; Sutherland 1978; 
Hayward and Ryland 1979; Winston 1982; Hurlbut 
1991); and eastern and soutwestern Australia (e.g.. 
Port Adelaide, SA, Port Phillip Bay, Vic., Port 
Hacking and Port Jackson, NSW, Great Barrier 
Reef, Qld.) (Allen 1953; Vail and Wass 1981; Brock 
1985; Pollard and Hutchings 1990b; Hewitt et al. 
2004). 

Remarks 

A principal fouling species, recorded widely but 
perhaps often erroneously as there is some 


confusion with Schizoporella errata (Ryland 1965; 
Hayward and Ryland 1979; Winston 1982). There is 
some evidence that this species arrived in Sydney 
on two Japanese vessels captured during the war 
(Allen 1953). 


Family Watersiporidae 
Watersipora arcuata Banta, 1969 

Western Australian records and vouchers 

Esperance (Western Australian Museum' 2002; 
Campbell 2003b; WAM 30569); Albany (CRIMP 
1997b); Bunbury (CRIMP 1997a; WAM 32082; 
32091); Fremantle Harbour (CRIMP 2000; WAM 
32836; Mackie et al. 2006); Geraldton (WA Museum 
2001; Campbell 2003a); WA (Pollard and Hutchings 
1990b). South coast and lower west coast of WA 
(NIMPIS 2002). 

Distribution elsewhere 

Widely distributed in warmer seas (Banta 1969; 
Winston 1982; Gordon 1989; Gordon and Mawatari 
1992); in Australia recorded from several locations 
in southern Australia (Bock 1982), including Port 
Adelaide, SA (Brock 1985), Port Phillip Bay, Vic. 
(Hewitt et al. 2004), Port Hacking, Port Jackson and 
Port Kembla, NSW (Vail and Wass 1981; Moran and 
Grant 1993) and Qld. (Pollard and Hutchings 
1990b). 

Remarks 

This is a common and well-known fouling 
organism that can grow rapidly on almost any 
surface, including copper anti-fouling paint 
(Winston 1982; Bock 1982; Gordon 1989; Gordon 
and Mawatari 1992). 

Watersipora subtorquata (d'Orbigny, 1852) 

Western Australian records and vouchers 

Albany (WAM 30539); Bunbury (CRIMP 1997a; 
WAM 30527); Fremantle (CRIMP 2000; Mackie et 
al. 2006); Geraldton (WA Museum, 2001; Campbell 
2003a); Shark Bay (Wyatt et al. 2005). 

Distribution elsewhere 

Brazil, West Indies, Bermuda, California, Cape 
Verde Islands, Japan, Torres Strait, Mediterranean, 
Great Barrier Reef, New Zealand (Gordon 1989; 
Zibrowius 1991; Gordon and Mawatari 1992); in 
Australia from the Great Barrier Reef, Qld. (Gordon 
and Mawatari 1992); Port Phillip Bay and Portland, 
Vic. (Parry et al. 1997; Currie et al. 1998; Keough 
and Ross 1999; Hewitt et al. 2004); Port Lincoln and 
Adelaide, SA (Keough and Ross 1999); and 
Launceston, Tas. (Aquenol 2001). 
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Remarks 

Grows on a wide variety of substrata. Exact 
distribution uncertain because of taxonomic 
difficulties (Gordon and Mawatari 1992; Mackie et 
al. 2006). 

Order Ctenostomatida 
Family Vesiculariidae 
Amathia distans Busk, 1886 

Western Australian records and vouchers 

Port Hedland (CRIMP 1999; WAM 30559; 32445; 
DALSE 2004). Lower west coast and Pilbara of WA 
(NIMPIS 2002). 

Distribution elsewhere 

Apparently native to the warmer waters of the 
west Atlantic; cryptogenic in the east Atlantic and 
introduced widely, including France, the 
Mediterranean and Red Seas, the Atlantic coast of 
America from North Carolina to Brazil, Puget 
Sound Washington, Southern California, South 
Atlantic, Java, Indonesia, New Zealand, and various 
locations around Australia (Osburn 1953; Winston 
1982; Gordon and Mawatari 1992). 

Remarks 

Amathia distans forms pale-brownish transparent 
colonies growing on other bryozoans, algae or more 
usually under sandstone boulders, on oyster valves 
and polychaete tubes (Gordon and Mawatari 1992). 
This species is not considered a pest in Australia 
and its potential impact on the environment is 
regarded as low (CRIMP 1999). 

Amathia vidovici Heller, 1867 

Western Australian records and vouchers 

Port Hedland (WAM 30559; WAM 30629). 

Distribution elsewhere 

Recorded from the Western Atlantic, from 
Massachusetts to Gulf of Mexico, the Caribbean, the 
Pacific from southern California to the Galapagos, 
the Mediterranean, Adriatic, East Atlantic and 
Indian Ocean (Osburn 1953; Winston 1982). 

Bowerbankia gracilis Leidy, 1855 

Western Australian records and vouchers 
Port Hedland (WAM 30552). 

Distribution elsewhere 

Widely distributed around the world, mostly in 
shallow water (Osburn 1953; Ryland 1965; 
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Winston 1982; Gordon 1986; Gordon and 
Mawatari 1992), in Australia from Port Adelaide, 
SA (Brock 1985). 

Remarks 

This species occurs in brackish as well as marine 
waters and grows on a wide variety of surfaces 
(Ryland 1965; Winston 1982), its colonies 
appearing as a characteristic fine grey 'fur' just 
visible to the naked eye (Gordon and Mawatari 
1992). 


Zoobotryon verticillatum della Chiaje, 1828 

Western Australian records and Vouchers 

Port Hedland (WAM 30550; 32461); Shark Bay 
(Wyatt et al 2005). 

Distribution elsewhere 

Widely distributed in warm waters, including the 
Mediterranean and Adriatic where it is common in 
many of the major ports (Osburn 1953; Ryland 1965; 
Winston 1982; Gordon and Mawatari,1992); in 
Australia from several locations in southern 
Australia (Bock 1982) including Port Adelaide, SA 
(Brock 1985); Port Phillip Bay, Vic. (Hewitt et al 
2004); Port Hacking and Port Jackson, NSW (Vail 
and Wass 1981). 

Remarks 

A common fouling species of warmer waters, 
typically found in ports and harbours growing on 
any submerged object (Ryland 1965; Bock 1982). 

Arthropoda 

Class Malacostraca (Amphipods, Isopods and 
Crabs) 

Order Isopoda (Isopods) 

Family Cirolanidae 
Cirolana harfordi (Lockington, 1877) 

Western Australian records and vouchers 

Swan River (Bruce 1986; Poore and Storey 1999; 
Furlani 1996); Fremantle Harbour (Hass and Jones 
2000). Introduced into the lower west coast of WA 
(NIMPIS 2002). 

Distribution elsewhere 

First described from California, distributed in 
western North America from British Columbia to 
Baja California, subsequently recorded from Japan, 
eastern Russia and Malaysia (Johnson 1976; Poore 
and Storey 1999); in Australia from Port Phillip Bay, 
Lome, and Bass Strait, Vic. (Bruce 1986; Hutchings 
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et al, 1987; Currie et al, 1998; Cohen et al., 2001; 
Hewitt et al, 2004) and Waver ton, NSW (Bruce, 
1986). Australian records mainly limited to ports. 

Remarks 

Initially discovered in the Swan River in 1980 
(Bruce, 1986) and subsequently in Fremantle 
Harbour in 1991 (Hass and Jones, 2000). Collected 
under rocks and amongst mussels, from ship hulls 
(Bruce, 1986); this is a voracious scavenger that has 
the potential to be a pest species by reaching high 
population densities (Johnson, 1976; Furlani, 1996). 

Family Sphaeromatidae 
Paracerceis sculpta (Holmes, 1904) 

Western Australian records and vouchers 

Esperance (Western Australian Museum, 2002; 
Campbell, 2003b; WAM 34505; 34506); Bunbury, 
Mandurah, Fremantle, Port Denison, 1996 (Hass 
and Jones, 2000); Bunbury (WAM 23303; CRIMP; 
WAM 34508 - 34511; 35140 - 35187); Fremantle 
(CRIMP; WAM 35839; 35846). Lower west coast of 
WA (NIMPIS, 2002). 

Distribution elsewhere 

Originally described from California, and since 
recorded elsewhere in tropical Pacific and Atlantic 
(Brazil, Mexico, Hawaiian Is.); possibly introduced 
to the Mediterranean (Zibrowius, 1991); in Australia 
from Port Phillip Bay, Vic. (Hewitt et al, 2004); 
Townsville, Qld. (Harrison and Holdich, 1982b; 
Hutchings et al, 1987; Pollard and Hutchings, 
1990b; Furlani, 1996; Poore and Storey, 1999; Hewitt 
and Campbell, 2001). 

Remarks 

Like other sphaeromatids, females and juveniles 
are almost impossible to identify without 
accompanying males. This species is so rarely 
recorded in Australia that nothing is known of its 
biology here (Poore and Storey, 1999). 

Paradella dianae (Menzies, 1962) 

Western Australian records and vouchers 

Bunbury (WAM 23302; WAM 16781; 23302); 
Swan River (Harrison and Holdich, 1982a; Pollard 
and Hutchings, 1990b; Zibrowius, 1991; Furlani, 
1996); Fremantle Harbour, Bunbury Harbour (Hass 
and Knott, 1998). Other vouchers QM W7938, QM 
W3746. South coast and lower west coast of WA 
(NIMPIS, 2002). 

Distribution elsewhere 

Originally described from Baja California and 
subsequently reported from California, the 


Marshall Islands, Queensland, the Arabian Sea, 
Brazil and Puerto Rico, recorded in the 
Mediterranean for the first time from Alexandria, 
Egypt (Zibrowius, 1991); in Australia from 
Townsville and North Stradbroke Island, Qld. 
(Harrison and Holdich, 1982a; Hutchings et al, 
1987; Furlani, 1996). 

Remarks 

First discovered in the Swan River in 1980 
(Harrison and Holdich, 1982a), subsequently in 
Fremantle and Bunbury Harbours in 1994/95 (Hass 
and Knott, 1998). Grows amongst barnacles, 
bryozoans and rock oysters on rocks and artificial 
structures, appears to be tolerant of a wide variety 
of ecological conditions (Harrison and Holdich, 
1982a). 


Sphaeroma serratum Fabricius, 1787 

Western Australian records and vouchers 

Esperance (Western Australian Museum, 2002; 
Campbell, 2003b; WAM 36953); Swan River 
(Holdich and Harrison, 1983; Hutchings et al, 1987; 
Pollard and Hutchings, 1990b; Hass and Knott, 
1998; Furlani, 1996); Jurien Bay (Hass, 2007). 

Distribution elsewhere 

Widespread (Pollard and Hutchings, 1990b). 

Remarks 

First discovered in the Swan River in 1980 
(Holdich and Harrison, 1983), subsequently 
rediscovered in 1994/95 (Hass and Knott, 1998) and 
then in Jurien Bay in 2006 (Hass, 2007). 

Order Amphipoda (Amphipods) 

Family Corophiidae 

Monocorophium acherusicum (Costa, 1857) 

Western Australian records and vouchers 

Bunbury, Swan River (Poore and Storey, 1999). 
Lower west coast of WA (NIMPIS, 2002). 

Distribution elsewhere 

Native to the northeast Atlantic and 
Mediterranean region, cryptogenic on both coasts 
of North America, introduced to various localites in 
the southwestern Atlantic, Indian and western 
Pacific oceans (Hurley, 1954; Barnard, 1970); in 
Australia from the southeast and southwest, e.g.. 
Port Jackson, Port Kembla and Botany Bay, NSW; 
eastern Tasmania (Poore and Storey, 1999); 
Gippsland Lakes, Mallacoota, Western Port and 
Port Phillip Bay, Vic. (Fearn-Wannan, 1968; Cohen 
et al, 2001; Hewitt et al, 2004). 
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Remarks 

This species is commonly found in association 
with ships, buoys and around wharf structures 
(Fearn-Wannan 1968), its distribution tracing some 
major shipping routes (Hurley 1954). 

Monocorophium insidiosum (Crawford, 1937) 

Western Australian records and vouchers 
Swan River (Poore and Storey 1999). Lower west' 
coast of WA (NIMPIS 2002). 

Distribution elsewhere 

Widely distributed, especially in harbours 
(Barnard 1970; Alonso de Pina 1997); in Australia 
from Port Kembla, NSW, Port Phillip Bay and 
Western Port, Vic., and Port MacDonnell, SA (Poore 
and Storey 1999; Cohen et ah 2001; Hewitt et ah 
2004). 

Remarks 

An estuarine species, occurring intertidally and 
subtidally on mud sediments or among algae and 
seagrasses. Most Australian records are from 
harbours or estuaries (Poore and Storey 1999). 

Monocorophium sextonae (Crawford, 1937) 

Western Australian records and vouchers 
Bunbury Harbour (Poore and Storey 1999). Lower 
west coast of WA (NIMPIS 2002). 

Distribution elsewhere 

Northeast Atlantic (England, Scotland, Ireland, 
France, The Netherlands, the Mediterranean, 
Portugal) and New Zealand (Hurley 1954; Costello 
1993) in Australia from Jervis Bay, NSW; Port 
Phillip Bay, Point Henry, Queenscliff, and Western 
Port, Vic.; Georges Bay and Launceston, Tas. 
(Poore and Storey 1999; Aquenol 2001; Hewitt et 
ah 2004). 

Remarks 

Monocorophium sextonae is a tube dwelling 
amphipod, found on kelp holdfasts, sponges and 
artificial substrata (Costello 1993). Hurley (1954) 
suggested that the species had possibly been 
introduced to Europe from New Zealand. Its 
natural distribution is uncertain and it may be 
native to Australia and New Zealand (Poore and 
Storey 1999). 

Order Decapoda (Crabs) 

Family Portunidae 
Carcinus maenas (Linnaeus, 1758) 
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Western Australian records and vouchers 
Swan River, 1965 (Zeidler 1978; Furlani 1996; 
Hass and Jones 2000; WAM 14833). WA (Pollard 
and Hutchings 1990b). Voucher specimen(s): 
Presumably AM P36248-9, P36089. NIMPIS (2002) 
has a blank area indicated on the lower west coast 
of WA. 

Distribution elsewhere 

Originally from Europe, although now 
widespread elsewhere; in Australia from Port 
River - West Lakes, SA, Port Phillip Bay, Vic. to 
Sydney, NSW, and Tas. (Fulton and Grant 1900, 
1901; Allen 1953; Zeidler 1978; Rozenweig 1984; 
Hutchings et ah 1986, 1987, 1989; Pollard and 
Hutchings 1990b; Furlani 1996; Currie et ah 1998; 
Ahyong 2005; Cohen et al 2001; Aquenol 2001; 
Hewitt et al. 2004). 

Remarks 

In 1965 the European shore crab, Carcinus 
maenas , was recorded from the Swan River Estuary, 
WA. No populations appear to have established 
(CRIMP 1997b: 7) and the species is presently 
known from only one specimen in WA (Hass and 
Jones 2000). This introduced species, however, has 
become established in the south-eastern states of 
Australia, where it out competes native species 
(Fulton and Grant 1901; Zeidler 1978, 1988; Furlani 
1996; Walters 1996; Ahyong 2005). The method of 
introduction of C. maenas into Western Australia is 
not known, but the species is suspected to have 
been introduced into Australia from Europe, on the 
hulls of the ships which brought the first settlers 
(Fulton and Grant 1901). 

Family Inachoididae 

Pyromaia tuberculata (Lockington, 1877) 

Western Australian records and vouchers 
Cockburn Sound (Morgan 1990; Furlani 1996; 
Poore and Storey 1999; Hass and Jones 2000; WAM 
19338). Lower west coast of WA (NIMPIS 2002). 

Distribution elsewhere 

Native to west coast of the Americas ranging from 
San Francisco Bay, California to Utria Bay, 
Colombia; widely distributed in the temperate and 
sub-tropical Pacific and South Atlantic, Brazil, 
Japan, New Zealand (Morgan 1990; Poore and 
Storey 1999); in Australia from Port Phillip Bay, Vic. 
(Hass and Jones 2000; Furlani 1996; Poore and 
Storey 1999; Hewitt etal 2004). 

Remarks 

In Western Australia, the American spider crab, 
Pyromaia tuberculata , was introduced to Cockburn 
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Sound in 1978 via ballast water (Morgan 1990). This 
species is now also recorded as an introduction in 
Port Phillip Bay, Vic. (Walters 1996), but in WA it is 
only known by the specimen reported by Morgan 
in 1990. 


Class Maxillopoda 
Subclass Cirripedia (Barnacles) 

Order Sessilia 
Family Balanidae 

Amphibalanus amphitrite (Darwin, 1854) 

Western Australian records and vouchers 

As Balanus amphitrite: Garden I. (Lewis 1981); 
from Esperance area to Dampier Archipelago (Jones 
1987a, 1987b, 1990a, 1990b, 1999a, 2002, 2004b, 2005; 
Jones and Hewitt 2001; WAM 668; 778, 10092; 6926; 
12141); Port Hedland (CRIMP 1999; DALSE 2004) 
and Broome and Kimberley area (Jones 1991,1992b, 
2004b; WAM 20944; 21166-21168). 

Distribution elsewhere 

Indian Ocean to southwestern Pacific; regarded as 
an introduced species in New Zealand (Foster 1978) 
and Australia (Jones 1992a). Cosmopolitan in 
tropical and warm temperate seas (Jones 1990a). 

Remarks 

A cosmopolitan, cryptogenic species, occurring in 
tropical, subtropical and temperate seas. In 
Australia it is recorded from the waters of WA, SA, 
Vic., NSW, Qld. and the NT. The species occurs 
intertidally to a depth of 9m, in quiet bays and 
estuaries protected from rough surf. It attaches to a 
variety of animate (e.g. decapod crustaceans, 
molluscs) and inanimate (e.g. rocks, buoys, cables) 
substrata and is an important fouling species of 
boats and marine installations. 


Amphibalanus improvisus (Darwin, 1854) 

Western Australian records and vouchers 

As Balanus improvisus: Southwestern Australia 
(Bishop 1951; Hutchings et al 1987; Jones 1992a; 
Furlani 1996; no vouchers available). 

Distribution elsewhere 

Atlantic coasts of North America; North Atlantic; 
Europe; W Africa to Cape of Good Hope; 
Mediterranean; Black Sea; Red Sea; Baltic Sea; 
southern Australia (Pollard and Hutchings 1990b); 
Japan; NW coast of USA (Washington to San 
Francisco); Ecuador. 


Remarks 

The Australian record is historical and the species 
has not been recollected (Jones 1992a). Bishop 
(1951) suggested that the Atlantic brackish-water 
species Balanus improvisus had become established 
in "one of the southern Australian ports" during 
the 1940s. However, from fouling studies of 
submerged surfaces on the eastern Australian coast, 
Allen (1953) could not substantiate this claim and 
there are no subsequent records of this species 
occurring in Australian waters. There are no 
specimens lodged in any of the Australian state 
museums (pers. obs., DSJ). If the species is found in 
Australia in the future, it would be through a new 
introduction. 


Amphibalanus reticulatus (Utinomi, 1967) 

Western Australian records and vouchers 

As Balanus reticulatus: Cockburn Sound (WAM 
33156; 33157); Swan Estuary, Nedlands (WAM 
32451); Yanchep (Jones 1990b; WAM 17826); 
Leonardo Da Vinci Geraldton Port (Jones 2002a; 
WAM 34004; 34007); Barrow I. (Jones 2005); 
Dampier Archipelago (WAM 27238); Burrup 
Peninsula (WAM 27336; 27339); Cape Preston 
(WAM 27355); Dampier (WAM 27354; 25750); Cape 
Lambert, Port Hedland (Jones, unpublished data); 
Cocos-Keeling Islands (WAM 29046); Christmas 
Island (WAM 33372; 33373). 

Distribution elsewhere 

Cosmopolitan in tropical waters and a 
circumtropical fouling species (Jones 1990a). 

Remarks 

This circumtropical fouler was first recorded in 
Australian waters on fouling panels at the North 
Barnard Islands, Qld. (Lewis 1979, as B. amphitrite ; 
1981b). First records in WA were from Yanchep 
Marina (Jones 1990a, 1991; Jones et al. 1990) and, 
more recently, the species has been recorded from 
the Dampier Archipelago (Jones 2004b) and Barrow 
Island (Jones 2005). The means of introduction of A. 
reticulatus into Australian waters is unknown, but 
Utinomi (1967) has suggested that the widespread 
distribution of this Japanese species is via ship 
transport. 

Megabalanus ajax (Darwin, 1854) 

Western Australian records and vouchers 
Shark Bay (WAM 32490; 32496); Muiron Is. (Jones 
and Hewitt 1996; WAM 22345); Barrow I. (Jones 
2005); Dampier Archipelago (Jones 2004b; WAM 
22345-22347); Broome (WAM 32495). 
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Distribution elsewhere 
Widespread in the Indo-west Pacific. 

Remarks 

Megabalanus ajax attaches mainly to corals (e.g. 
Millipora complanata Lamarck) but also 
occasionally occurs as a fouler of ships hulls (Jones 
1992b, 2004b, 2005). The species has been recorded 
from Queensland as well as from WA. The possible 
vector for the introduction of this species to WA 
waters is shipping. 

Megabalanus rosa (Pilsbry, 1916) 

Western Australian records and vouchers 

Garden I. (WAM 33163; 33165; 33189); Shark Bay 
(WAM 15848; 15855); Barrow L (Jones 2005); 
Dampier Archipelago (WAM 27205; 27241; 27292); 
Port Hedland (WAM 15847); Cockatoo I. (AM P 
20075). WA central and north-west coast (Jones et 
al 1990; Jones 1992a). Introduced into the entire 
west and Pilbara coasts of WA (NIMPIS 2002). 

Distribution elsewhere 

Japan; China; Taiwan (Pollard and Hutchings 
1990b); Australia (Allen 1953); in Australia from 
lower east coast, NSW (Jones et al. 1990; Jones 
1992a). 

Remarks 

Allen (1953) recorded the Japanese fouler 
Megabalanus rosa, together with M. volcano and 
Amphibalanus albicostatus, on aircraft carriers and 
other vessels returning to Australia after service in 
Korean and Japanese waters. However, it is not 
known where these vessels docked and Allen (1953) 
did not record these species as establishing on the 
Australian coastline. The appearance of the species 
in WA waters appears to be relatively recent, the 
first specimens being collected in 1981 (Jones 
1992a). Megabalanus rosa is now established on the 
central and the north-western coast of WA (Garden 
Island; Shark Bay, Barrow Island, the Dampier 
Archipelago, Port Hedland and Cockatoo Island), 
as well as on the lower east coast of Australia 
(Woolongong, Port Botany and Port Kembla in 
NSW) (Hass and Jones 2000; Jones 2000b, 2001a, 
2001b, 2004b, 2005; Jones et al 1990). These are all 
areas that receive international shipping and, 
therefore, ship fouling is the most probable 
transport mechanism for this species. 

Megabalanus tintinnabulum (Linnaeus, 1758) 

Western Australian records and vouchers 

Esperance (WAM 32482); Albany (WAM 16098); 
Rockingham (WAM 16132); Cockburn Sound (Jones 
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1992a; WAM 12188); Fremantle (Jones 1999a; WAM 
25240); Cottesloe (WAM 3919); Port Gregory (WAM 
12153); Dongara (WAM 14546); Geraldton (WAM 
33766); Shark Bay (WAM 7484); Carnarvon (WAM 
23789); Pt Cloates, Ningaloo Reef (WAM 13265); 
North West Cape (WAM 12159); Warroora Station, 
Ningaloo Reef (WAM 16139); Coral Bay (WAM 
16214); Exmouth Gulf (WAM 21180); Muiron 
Islands (Jones and Hewitt 1996; WAM 22287); 
Onslow (WAM 7556); Barrow I. (Jones 1992a; Jones 
2005; WAM 14242); Montebello Islands (Jones and 
Berry 2000; WAM 23404); Dampier (Jones 1992a; 
WAM 12151); Roebourne (WAM 21178); Cape 
Lambert (WAM 21184); Port Hedland (CRIMP 
1999); Broome (WAM 12210); Port Walcott (WAM 
14433); Cockatoo I. (Jones 1992a); Yampi Sound, 
Kimberley (WAM 16093); Mary Anne Passage 
(WAM 12191); Kimberley (Jones and Hewitt 1997; 
WAM 22978); King Sound, Derby (WAM 32674); 
Bonaparte Archipelago (WAM 16138); Buccaneer 
Archipelago (WAM 21013); Cocos - Keeling Islands 
(WAM 33133); Flying Fish Cove, Christmas Island 
(WAM 20038). NIMPIS (2002) states the species is 
introduced into Australia but shows it as 
cryptogenic throughout WA. 

Distribution elsewhere 

Cosmopolitan - Atlantic Ocean, West Africa from 
Mediterranean to Cape of Good Hope, East 
Mediterranean, Madagascar, Arabian Sea, Bay of 
Bengal, Indian Ocean, Thailand, Formosa, Sagami 
Bay, Japan, Malay Archipelago, East Indian 
Archipelago, New Zealand, Palau Island (Jones 
1990b). In Australia from Bass Strait, Vic., lower 
east coast of NSW, north east coast of Qld. and Port 
Essington, NT (Jones et al. 1990; Furlani 1996). 

Remarks 

Megabalanus tintinnabulum is a cosmopolitan 
fouling species, first recorded in WA waters in 1949 
(Jones 1990a, 1991, 1992a). The species is now 
known from southwestern to northwestern waters 
of WA (Hass and Jones 2000; Jones 1990a, 1990b; 
1991, 1992b, 1999a, 2000, 2001a, 2004b, 2005; Jones 
and Hewitt 1997, 2001; Jones et al 1990). Jones 
(1990) suggested that the species is an introduction 
via shipping, since most WA collection localities are 
in the vicinity of ports or areas that receive 
international shipping (e.g. Kwinana, Fremantle, 
Carnarvon, Barrow Island, Thevenard Island, 
Dampier, Cape Lambert, Cockatoo Island). 
Although early reports of M. tintinnabulum 
occurring on the eastern Australian coast may be 
erroneous (Allen 1953; Jones 1990a, 1991), records 
of the species have been confirmed from Bass Strait, 
Vic., and the lower, mid and north-eastern coasts 
and northern coast of Australia (Jones 1999b; Jones 
unpublished data; Jones et al 1990). 



Introduced marine biota in Western Australia 


23 


Family Tetraclitidae 
Tesseropora rosea (Krauss, 1848) 

Western Australian records and vouchers 

Albany (WAM 18955); Cottesloe Beach (WAM 
17763); Fremantle; Cockburn Sound (WAM 15963); 
Garden I. (Jones 1990c; WAM 536-86). 

Distribution elsewhere 

South Africa; Australasia - Australia, Lord Howe 
I./ Kermadecs; in Australia, from eastern Australia 
between 19° and 38°S, Mallacoota, Inverloch, Vic. 
(Jones 1990a). 

Remarks 

Tesseropora rosea is a common intertidal species 
on the eastern Australian seaboard. Originally 
described from one specimen collected at Algoa 
Bay, South Africa (Krauss 1848), the species was 
subsequently recorded from NSW and Queensland 
(Darwin 1854), where it is abundant in exposed 
coastal areas in the intertidal (Jones et al. 1990). 
The species was not known from western areas of 
the continent until 1948 (Jones 1990a). In 1986, 
three live specimens were collected on intertidal 
granitic rock at Cottesloe and the species has also 
been found at Fremantle, Garden Island and 
Cockburn Sound and, more recently, Albany. The 
isolated occurences of this species, in the vicinity 
of active ports (Fremantle and Albany), led to the 
suggestion that the species had been introduced 
from eastern Australia via shipping. Since T. rosea 
is not known as a hull fouler, ballast water 
transport was implicated as the dispersal agent for 
the introduction of the species into the waters of 
Western Australia (Jones 1990c). 

Cnidaria 

Class Hydrozoa (Hydroids) 

Order Anthomedusae 
Family Corynidae 

Sarsia eximia (Allman, 1859) = Sarsia radiata von 
Lendenfeld, 1885 

Western Australian records and vouchers 
Albany (WAM 30538); Houtman Abrolhos Is. 
(Watson 1996; Watson 1997); Shark Bay (Wyatt et 
al. 2005). NIMPIS (2002) shows this species as a 
known introduction to the south coast but 
cryptogenic on the lower west coast of WA. 

Distribution elsewhere 

Widespread, regarded as cryptogenic in the North 
Atlantic from North America to Europe and from 


Iceland to France; Mediterranean; west coast of 
North America, Brazil, Valparaiso and the NW 
Pacific, New Zealand (Schuchert 1996); in Australia 
cosmopolitan and cryptogenic in Sydney Harbour, 
NSW, and numerous locations in Vic. (e.g., Bass 
Strait, Westernport Bay, Popes Eye Reef, as Sarsia 
radiata , Watson 1978, 1994, 1997, 1999); Port Phillip 
Bay, Vic. (Hewitt et al. 2004), introduced to Tas. 
(NIMPIS 2000). 


Family Eudendriidae 

Eudendrium carneum Clarke, 1882 

Western Australian records and vouchers 
Perth to Albany (Watson 1996); Bunbury (CRIMP, 
WAM 30531). 

Distribution elsewhere 

Circumtropical (Boero and Bouillon 1993); 
California; Ecuador; Mexico; California; north west 
Atlantic (Fraser 1948). 


Eudendrium cf. capillare Alder, 1856 

Western Australian records and vouchers 

Albany (WAM 30544). 

Distribution elsewhere 

Cosmopolitan (Fraser 1948; Boero and Bouillon 
1993); in Australia from Qld. (Pennycuick 1959); 
Port Phillip Bay, Vic. (Ralph 1966). 


Family Tubulariidae 

Ectopleura crocea (Agassiz, 1862) 
[including Tubularia crocea and Tubularia ralphi 
(Bale, 1884)]. 

Western Australian records and vouchers 

Dunsborough (WAM 945); Cockburn Sound 
(WAM); Fremantle (Bock 1982; Watson 1999; 
CRIMP 2000). South coast and lower west coast of 
WA (NIMPIS 2002). 

Distribution elsewhere 

Native to Atlantic coast of North America, 
introduced to the Pacific coast of North America, 
Europe, Mediterranean, Japan, parts of Asia, 
Australia and New Zealand (Fraser 1948; Schuchert 
1996; Watson 1999); in Australia from the east and 
south-east [e.g., Qld. (Pennycuick 1959); Port Phillip 
Bay, Vic. (Ralph 1966; Black 1971; Watson 1980; 
Hewitt et al. 2004); Sydney Harbour, Port Kembla, 
NSW (Watson 1980, 1999); Launceston, Tas. 
(Aquenol 2001)]. 
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Remarks 

This species forms colonies to 12 cm high 
composed of hundreds of greenish-white stems 
growing from a matted hydrorhiza (Watson 1999). 
It is a common fouling organism on the Victorian 
coast. This species was recorded on numerous 
occasions as Tubularia ralphii (Bale, 1884), the 
synonymy tentatively suggested by Schuchert 
(1996) and Watson (1999). 

Order Leptomedusae 
Family Aglaopheniidae 
Aglaophenia parvula Bale, 1882 

Western Australian records and vouchers 

Albany (WAM 30543). 

Distribution elsewhere 

Bass Strait, Vic. (Watson, 1994). 

Remarks 

Associated with sponges and ascidians (Watson 
1994). The WA record of this cryptogenic species is 
based on a specimen in the WA Museum and 
requires verification. 

Gymnangium gracilicaule (Jaderholm, 1903) 

Western Australian records and vouchers 
Houtman Abrolhos Is. (Watson 1996; Watson 
1997); Port Hedland (CRIMP 1999; WAM 30557). 

Distribution elsewhere 

Widely distributed in the tropical and subtropical 
Indian Ocean and Indo-West Pacific (Watson, 1997). 

Family Campanulariidae 

Obelia dichotoma (Linnaeus, 1758) ( =Obelia 
australis) 

Western Australian records and vouchers 

Albany (WAM 30546); Bunbury (WAM 30524); 
Shark Bay (Wyatt et al. 2005). South coast and lower 
west coast of WA (NIMPIS 2002). 

Distribution elsewhere 

Widespread in tropical and temperate waters of 
the Atlantic, Pacific, and Indian oceans (Fraser 1948; 
Calder 1991; Boero and Bouillon 1993; Brinckmann- 
Voss 1996); in Australia from Qld. (Pennycuick 
1959), Tas. and Bass Strait (Ralph 1957, Watson 
1994, both as O. australis ), Port Phillip Bay and 
Western Port, Vic. (Watson 1999) and Eden to Port 
Stephens, NSW (Allen and Wood 1950, as O. 
australis). 
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Remarks 

Extremely opportunistic species growing in a 
wide variety of habitats including algal and 
invertebrate substrata, present in southern Australia 
at least since the 1880s (Watson 1999). 


Obelia longissima (Pallas, 1766) 

Western Australian records and vouchers 
Port Hedland (CRIMP 1999?; DALSE 2004). 

Distribution elsewhere 

Widespread (Fraser 1948; Ralph 1957; Boero and 
Bouillon 1993). 

Remarks 

According to comments on the NIMPIS web site 
(2002, under Obelia dichotoma: similar species), this 
species is not recorded for Australia, but, 
confusingly, elsewhere on the site it is listed as 
cryptogenic. The species is mentioned in the 
DALSE (2004) report as being recorded from Port 
Hedland by the CRIMP survey. In the CRIMP 
report, however, while the impacts of O. longissima 
are discussed (CRIMP 1999: 9), the species is not 
actually listed. Clarification of the Port Hedland 
record is clearly desirable. 


Family Haleciidae 

Halecium delicatulum Coughtrey, 1876 

Western Australian records and vouchers 

Albany (WAM 30536; 30545; 30549; 30546); 
Bunbury (WAM 30524); Houtman Abrolhos Is.; 
Perth to Albany (Watson 1996, 1997; WAM 30536; 
30545; 30549). NIMPIS (2002) states that this 
species is introduced, but the map shows it 
occurring as cryptogenic on the south and lower 
west coasts. 

Distribution elsewhere 

Circumglobal tropical to Antarctic waters (Ralph 
1958; Watson 1997); in Australia from numerous 
southern and eastern localities, e.g.. Port Stephens, 
Port Jackson, and Coogee, NSW (Bale 1888; Ritchie 
1911; Hodgson 1950; Bruny L, Tas. (Briggs 1914; 
Watson 1975); Port Phillip Bay, Western Port, and 
Bass Strait Vic. (Ralph 1966; Black 1971; Watson 
1994; 1999; Hewitt et al. 2004); Qld. (Pennycuick 
1959); Pearson Island, SA (Watson 1973). 

Remarks 

This is a common southern Australian species 
colonising many invertebrate and algal substrata 
(Watson 1997). 
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Family Halopterididae 
Antennella secundaria (Gmelin, 1791) 

Western Australian records and vouchers 
Cape Peron (WAM 2541); Perth to Albany, 
Houtman Abrolhos Is., Shark Bay to Exmouth 
(Watson 1996, 1997); Port Hedland (CRIMP 1999; 
WAM 30554; DALSE 2004). Introduced to the 
Pilbara and cryptogenic in the Kimberley and lower 
west coast of WA (NIMPIS 2002). 

Distribution elsewhere 

Cosmopolitan in temperate and tropical seas 
(Boero and Bouillon 1993; Watson 1997,1999, 2000); 
in Australia from several southern and eastern 
localities, e.g., Qld. (Pennycuik 1959); Port Phillip 
Bay, Western Port, and Bass Strait, Vic. (Watson 
1994, 1999; Hewitt et at 2004); Pearson Island, SA 
(Watson 1973). 

Remarks 

Grows in thick masses on algal and invertebrate 
substrata in sheltered ocean waters, often amongst 
sponges and red algae (Bock 1982; Watson 1994). 


Family Plumulariidae 
Plumularia setacea (Linnaeus, 1758) 

Western Australian records and vouchers 

Cervantes (WAM 2650; 2629); Perth to Albany 
(Watson 1996); Jurien Bay (WAM 2632). NIMPIS 
(2002) states this is a known introduced species, but 
shows it as being cryptogenic on the south coast of 
WA. 

Distribution elsewhere 

Near cosmopolitan in subtropical and temperate 
seas (Fraser 1948; Boero and Bouillon 1993; Watson 
1999, 2000); in Australia recorded from various 
southern and eastern localities, e.g.. Port Phillip Bay 
and Bass Strait, Vic. (Bale 1888; Watson 1994, 1999); 
Tas. (Hodgson 1950); Qld. (Pennycuick 1959); Jervis 
Bay, NSW (Ritchie 1911). 

Remarks 

Generally found in sheltered, shallow waters, 
associated with algae, old shells and other 
invertebrates (Hodgson 1950; Bock 1982; Watson 
1994), this species is reportedly intolerant of 
reduced salinity (Watson 1999). 


Plumularia warreni Stetchow, 1919 

Western Australian records and vouchers 
Port Hedland (CRIMP 1999; WAM 30553). 


Distribution elsewhere 

South Africa, Madagascar, southwestern Indian 
Ocean (Gravier 1970; Gravier-Bonnet and 
Bourmaud 2006) and possibly Darwin (Watson 
pers. comm.). 

Remarks 

This species is listed for Port Hedland by CRIMP 
(1999) but without comment. The voucher specimen 
in WAM is listed as Plumularia cf. warreni and the 
identification requires confirmation (Watson 2007, 
pers. comm.). 

MOLLUSCA (Molluscs) 

Class Gastropoda (Gastropods) 

Family Batillariidae 

Velacumantus australis (Quoy and Gaimard, 
1834) 

Western Australian records and vouchers 

Sandflats in lower Swan River and at Woodman 
Point, Cockburn Sound (Ewers 1967; Wells and 
Bryce 1986). 

Distribution elsewhere 

Queensland to South Australia; also Tasmania 
(Wells and Bryce 1986); northern NSW to southern 
Qld. 

Remarks 

Wells and Bryce (1986) state the WA records "May 
be the result of human introduction of the species" 
but there have been no further studies. The fossil 
record shows V. australis was previously more 
widespread across southern Australia but its range 
has since become more restricted. The record as an 
introduced species is tentatively accepted here. 

Cotton (1984) also recorded V. australis from 
Albany, a record used by Ewers (1967) and Roberts 
and Wells (1980). However, the specimen was later 
determined to be a subfossil, and there are no records 
of living specimens from Albany (Wells 1984). 

Family Cymatiidae 

Cymatium cutaceum africanum (A. Adams, 1854) 

Western Australian records and vouchers 
Augusta (Wells and Kilburn 1986; WAM 54-82). 

Distribution elsewhere 
South Africa (Wells and Kilburn 1986). 

Remarks 

A single specimen of this species was collected at 
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Augusta by W. Anson on 27 or 28 January 1979. 
The species may well have arrived naturally in 
Western Australia as Augusta is not a major 
shipping area. This was apparently an isolated 
individual, and despite searching of the area no 
known populations exist in Augusta. In its natural 
range, this species lives among solitary ascidians 
offshore, under rocks at low tide or on sand near 
ascidians (Wells and Kilbum 1986). 

Family Facelinidae 

Godiva quadricolor (Barnard, 1927) 

Western Australian records and vouchers 
Found in Cockburn Sound and Fremantle in 1980, 

1983 and 1997 (Willan 1987b; WAM 339-86; 26849). 
South coast and lower west coast of WA (NIMPIS 
2002 ). 

Distribution elsewhere 

Native to South Africa, from the Cape of Good 
Hope to Port Alfred (Willan 1987b), introduced to 
Port Jackson, NSW (Macnae 1954, as Hervia 
quadricolor). 

Remarks 

The specimen was collected by C. Bryce at the 
southern end of Cockburn Sound on 10 January 

1984 and photographed. Detailed notes on the find 
were reported by Willan (1987b) and subsequently 
repeated by Furlani (1996). An experienced amateur 
photographer, G. Saueracker also saw specimens in 
the Fremantle to Cockburn Sound area at about the 
same time (Willan, 1987b). The species is also 
recorded by Fisheries WA (2000) and NIMPIS 
( 2002 ). 

Family Goniodorididae 

Okenia pellucida Bum, 1967 

Western Australian records and vouchers 
Fremantle (Willan and Coleman 1984, no 
vouchers in WAM). 

Distribution elsewhere 

Widespread (see remarks); native range unknown 
but possibly includes Sydney, NSW (Willan and 
Coleman 1984). 

Remarks 

Rudman (2004) reported that this species, which 
was described from Sydney, is widespread, and has 
been reported from Hawaii, Japan, Palmyra Atoll, 
Malaysia, and the United Arab Emirates, in 
addition to Australia (NSW, Qld., WA). The species 
lives and feeds on the bryozoan Zoobotryon 
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verticillatum. This is a common fouling species that 
is believed to be moved readily by shipping 
activities. 

Family Haliotidae 

Haliotis spadicea Donovan, 1808 

Western Australian records and vouchers 
Cowaramup Bay, south of Cape Naturaliste, 1952, 
referring to H. sanguinea (Macpherson 1953; MV 
F12987). 

Distribution elsewhere 

Native to South Africa (Macpherson 1953). 

Remarks 

Like the three species reported from Augusta by 
Wells and Kilburn (1986), this is a record of a South 
African species that may have arrived in Western 
Australia naturally. No populations have been 
subsequently recorded and the identification of the 
specimen needs to be checked. 

Haliotis diversicolor Reeve, 1846 

Western Australian records and vouchers 

Not present; no vouchers. 

Distribution elsewhere 
Japan and China. 

Remarks 

Geiger (2000) and Geiger and Poppe (2000) show 
localities of North West Cape and Albany, but this 
is in error because the extensive collections in WAM 
do not record a single specimen of this species from 
WA. 

Haliotis hargravesi (Cox, 1869) 

Western Australian records and vouchers 
Not present; no vouchers. 

Distribution elsewhere 
Northern NSW to southern Qld. 

Remarks 

Geiger and Poppe (2000) show a locality of 
Carnarvon with a question mark. This locality is 
incorrect because the extensive abalone holdings in 
WAM do not record a single specimen of this 
species in WA 

Family Nassariidae 
Bullia annulata Lamarck, 1816 
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Western Australian records and vouchers 
Augusta (Wells and Kilburn 1986; WAM 52-82; 
Furlani 1996). 

Distribution elsewhere 

South Africa (Wells and Kilburn 1986; Furlani 
1996). 

Remarks 

A single specimen of this species was collected at 
Flinders Bay, Augusta, by W. Anson on an 
unknown date. The species may well have arrived 
naturally in Western Australia as Augusta is not a 
major shipping area. This was apparently an 
isolated individual, and despite searching of the 
area no known populations exist in Augusta. 

Nassarius burchardi (Dunker in Philippi, 1849) 

Western Australian records and vouchers 
Southern Qld. to Fremantle, WA; Swan River, 
1965 (Chalmer et al. 1976; Slack-Smith and Brearley 
1987). There are numerous specimens in WAM 
from a variety of WA locations. 

Distribution elsewhere 
Southern Australia. 

Remarks 

This species was first recorded in the Swan 
River in 1965 (Wilson and Kendrick 1968; 
Chalmer et al. 1976; Slack-Smith and Brearley 
1987). However, it was simply an extension of the 
species into the estuary, and not an introduction. 
The species has been reported from a wide range 
of localities from across southern WA to the Swan 
River by Wells (1984), Wells and Bryce (1986) and 
Wilson (1994). The ecology of N. burchardi was 
investigated by Kowarsky (1969) and Smith 
(1975). 

Nassarius kraussianus (Dunker, 1846) 

Western Australian records and vouchers 
Augusta (Wells and Kilburn 1986; WAM 51-82; 
2670-83; 2670-83; 51-82). 

Distribution elsewhere 
South Africa (Wells and Kilburn 1986). 

Remarks 

Two shells of this species were collected at 
Augusta by Wendy Anson in January 1974 and by 
Glad Hansen at Flinders Bay, Augusta, on 2 July 
1972. The species may well have arrived naturally 
in Western Australia as Augusta is not a major 
shipping area. These were apparently isolated 


individuals, and despite ‘ searching of the area no 
known populations exist in Augusta. 

Family Polyceridae 
Polycera hedgpethi Marcus, 1964 

Western Australian records and vouchers 

Quaranup, Princess Royal Harbour (Wells and 
Bryce 1993; Furlani 1996; NIMPIS 2002); 
Rockingham (WAM 29806). Lower west coast of 
WA (NIMPIS 2002). 

Distribution elsewhere 

California; Caribbean; Mediterranean; South 
Africa; New Zealand; Japan; Iberian Peninsula 
(Gosliner 1982; Pollard and Hutchings 1990b; Gofas 
and Zenetos 2003); in Australia from NSW, Vic., SA 
(Hutchings et al. 1987; Furlani 1996), e.g.. Port 
Phillip Bay and Mallacoota, Vic. (Willan and 
Coleman 1984; Hewitt et al. 2004) and Port Hacking, 
NSW (Willan and Coleman 1984). 

Remarks 

This species was thought to be an introduction 
from California, where it was originally described. 
However, the natural range is obscure (Wilson 
2006). Specimens were known from New Zealand 
prior to the original species description (Miller 
2001) and the species was recorded in Australia 
only nine years later. In Western Australia the 
species was originally recorded from jetty pilings at 
Quaranup, Princess Royal Harbour at Albany in 
February 1980 (Wells and Bryce 1993: 76). Wilson 
(2006: 138) stated that no further specimens have 
been recorded from that locality or for the entire 
State (based on a pers. comm. C. Whisson and C. 
Bryce of the WA Museum), but the species has 
subsequently been collected from Rockingham in 
2005 (WAM 29806). 

Class Bivalvia (Bivalves) 

Order Myoida 

Family Teredinidae (Shipworms) 

Western Australian records and vouchers 

Various, see Brearley et al. (2003) for vouchers. 

Distribution elsewhere 

Variable. 

Remarks 

Shipworms get their common name from their 
habit of boring into the wood of early ships, but 
they are actually bivalve molluscs. They also 
burrow into mangroves, with some species 
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occurring in live wood, others in dead wood and 
some in both. The species also colonise dead logs. 
This habitat has resulted in many species of 
shipworms occupying widespread ranges and being 
introduced into a variety of different coastal areas, 
but it is very difficult to determine what the original 
distribution was for each species. Turner (1966, 
1971a, 1971b) and Marshall and Turner (1974) 
provide information on species occurring in 
Australia, including Western Australia. Brearley et 
al. (2003) studied the distribution of five species of 
teredinids and one pholad in mangroves at the 
Burrup Peninsula near Dampier, and provide a 
table showing the locations where 28 species have 
been recorded in Australia. Teredo navalis 
Linnaeus, 1758 is shown by NIMPIS (2002) to occur 
from the south coast to Kalbarri. However, despite 
all of these studies, we do not know what species 
were native to WA and which have been 
introduced. Until further information is obtained, 
the record is excluded. 

Order Mytiloida 
Family Mytilidae 

Musculista senhousia (Benson in Cantor, 1842) 

Western Australian records and vouchers 

This species was first found at Chidley Point in 
the Swan River estuary in 1983. Subsequent 
sampling in 1984 revealed that it was as far 
upstream as the Canning Bridge and Perth Water. 
It has also been recorded in Fremantle (Slack- 
Smith and Brearley 1987; Willan 1985a, 1985b, 
1987a; Hutchings et ah 1987; Pollard and 
Hutchings 1990b; Furlani 1996; Wilson 1998; 
Fisheries WA 2000; CRIMP 2000; WAM 10748, 
12718, 14305, 16462, 16910). Lower west coast of 
WA (NIMPIS 2002). 

Distribution elsewhere 

Native to Pacific coast of Asia. This is an invasive 
species that has been recorded in a wide variety of 
areas, including the Mediterranean, USA, India, and 
New Zealand. In Australia it occurs in Port Phillip 
Bay, Vic., Devonport, Launceston and the Tamar 
River, Tas., St Kilda, SA (Willan 1985a, 1985b, 
1987a; Hutchings et al. 1987; Pollard and Hutchings 
1990b; Coleman 1993; Furlani 1996; Aquenol 2001; 
Hewitt et al 2004; NIMPIS 2002). 

Remarks 

Although the species was common in the lower 
Swan River in the 1980s, recent attempts to find 
specimens for DNA analysis have not recorded any 
individuals. A survey to determine the present 
distribution of M. senhousia is planned for late 
2007. 
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Mytilus edulisplanulatus Lamarck, 1819 

Western Australian records and vouchers 

WA as far north as Cockburn Sound (see remarks 
below). Numerous specimens in the WAM, 
including N4017, N4172, 514-40, all from Albany; 
141-66 Wilson Inlet; 77-63 Bunbury; N1650 Garden 
Island. 

Distribution elsewhere 

Western Europe, Mediterranean. 

Remarks 

The taxonomy of this species is confused. It is 
used for aquaculture in the Albany harbours, 
Wambro Sound and Cockburn Sound, WA, under 
the name M. edulis. Shepherd and Thomas (1989) 
state that blue mussels were collected in King 
George Sound by Frangois Peron on the French 
corvette Geographe and were later described as 
Mytilus planulatus Lamarck, which is now 
considered to be a subspecies of M. edulis. 

Furlani (1996) and NIMPIS (2002) use the name 
M. galloprovincialis Lamarck and give an inferred 
distribution throughout Western Australia as far 
north as North West Cape. In fact, blue mussels are 
found in protected bays and estuaries only as far 
north as Cockburn Sound (Wells 1984). Furlani 
(1996) and NIMPIS (2002) state that the two species 
are inseparable on shell characteristics but can be 
separated genetically (Geller et al. 1993). More 
recently, Coghlan and Gosling (2007) investigated 
the two species in Ireland and showed that they co¬ 
occur, with a large proportion of the populations 
(greater than 33%) being hybrids. There were more 
M. galloprovincialis on open shores than in 
protected bays. Such genetic work has not been 
undertaken in Western Australia. 

In a volume on Quaternary molluscs of South 
Australia, Ludbrook (1984) describes M. edulis 
planulatus living in SA. However, in other chapters 
she reports the mussels Brachidontes cf. suberosus 
(Singleton) from the Pleistocene and Brachidontes 
erosus (Lamarck 1819) and B. rostratus (Dunker 
1857) from the Holocene of SA, but not M. edulis 
planulatus. The origins of the Australian form of this 
species remain uncertain. It may also be an 
introduction dating to the 16 th century (Hewitt 2003). 

Order Ostreoida 
Family Ostreidae 
Crassostrea gigas (Thunberg, 1793) 

Western Australian records and vouchers 

Not present, although the species is recorded for 
WA localities in several publications, e.g., Albany, 
1947 (Thomson 1952; Fisheries WA 2000); specific 
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location not specified (Coleman and Hickman 
1986); WA (Pollard and Hutchings 1990b). No 
vouchers. NIMPIS (2002) originally had this species 
as introduced to the south coast of WA, but 
currently shows a blank in this area. 

Distribution elsewhere 

Native to the north-west Pacific, introduced 
widely in temperate to tropical seas for aquaculture 
(Dinamani 1971; Zibrowius 1991; Gofas and Zenetos 
2003); in Australia introduced to several locations, 
e.g., southern and northern Tas. (Thomson 1952, 
1954; Aquenol 2001), Port Phillip Bay, Vic. (Hewitt 
et al 2004), Mallacoota Inlet, Vic., Anderson Inlet, 
NSW (Coleman and Hickman 1986). 

Remarks 

Also known as the Pacific oyster, this species was 
introduced for aquaculture into Tasmania and 
Oyster Harbour, Western Australia in 1947. 
However, the specimens were shipped from Japan 
by boat and took too long to arrive in Australia. 
Mortality was very high, and the experiment was 
unsuccessful. A subsequent attempt was made 
successfully to ship broodstock by air to Tasmania. 
The species has since spread to Vic., NSW and SA. 
It is unusual in being considered to be both a pest 
species and a valuable species for aquaculture. The 
history of the introduction is detailed in a number 
of reports (Thomson 1952, 1959; Sumner 1972,1974; 
Medcof and Wolf 1975; Coleman 1986; Coleman 
and Hickman 1986; Hutchings et al 1987; Furlani 
1996; Fisheries WA 2000). Victoria has banned its 
use as an aquaculture species since 1996 (T. O'Hara, 
pers. comm.). 

Thomson (1959) clearly states the attempt to 
introduce the species into Oyster Harbour was 
unsuccessful. In a study of the molluscs of the 
Albany area, Roberts and Wells (1980) did not 
record C. gigas. A similar study of the Esperance 
area also failed to disclose any material (Wells et 
al, 2005). Furlani (1996) reports the deliberate 
introduction of C. gigas into Oyster Harbour but 
fails to mention that the introduction was not 
successful. She records the species on the basis of a 
dead shell taken from Cockburn Sound, and 
provides a presumed distribution of the species 
from the entire coastline between Onslow, WA, 
through to northern NSW. However, C. gigas is 
occasionally imported into WA for restaurants, and 
it is possible that was the source of the Cockburn 
Sound shell. The original NIMPIS database 
included this distribution (e.g., see list of 'known 
exotic species in Australian waters' in CRIMP 2000: 
17), but following approaches to the Centre for 
Research into Introduced Marine Pests, it has been 
removed. There are no verified records of the 
species in WA. 


Ostrea edulis (Linnaeus, 1758) 

Western Australian records and vouchers 
Oyster Harbour, Albany (Morton et al 2003). 

Distribution elsewhere 
Native to Western Europe. 

Remarks 

Morton et al (2003) discuss this species in detail. 
While there had been literature uses of the name 
Ostrea edulis for southern localities, recent authors 
used the name O. angasi (Sowerby, 1871). This is 
the species for which Oyster Harbour was named 
by Vancouver in 1798. Morton et al (2003) 
examined DNA sequences of ten individuals from 
Oyster Harbour; seven were O. angasi and three 
were O. edulis. Once the species were determined 
genetically, differences in the species were found in 
the shells. The authors speculate that O. edulis 
could have been introduced into Australia either 
accidentally or unofficially, but do not report on 
when this may have occurred. 


Family Pectinidae 

Scaeochlamys livida (Lamarck, 1819) 

Western Australian records and vouchers 
Fremantle Harbour and Cockburn Sound (CRIMP 
2000, as Chlamys livida; WAM S14964). 

Distribution elsewhere 

Eastern Australia. 

Remarks 

This scallop species was recorded in the CRIMP 
(2000) survey of Fremantle Harbour and Cockburn 
Sound. It did not attract attention in the survey 
because it is introduced from eastern Australia and 
not overseas. Morrison and Wells (2008) provide 
full details on the species in Fremantle Harbour and 
Cockburn Sound. It first appeared about 1985 and 
is now well established. 


Order Veneroida 

Family Mactridae 

Spisula trigonella (Lamarck, 1818) 

Western Australian records and vouchers 
Shark Bay, Swan River, Garden Island, Peel Inlet, 
Nornalup Inlet (Wilson and Kendrick 1968); Swan 
River (Chalmer et al 1976). Numerous specimens 
in WAM including WAM 581-67; 582-67; 580-67. 
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Distribution elsewhere 

Eastern Australia, widespread in Qld., NSW, Tas., 
Vic., and SA (Wilson and Kendrick 1968). 

Remarks 

This species appeared suddenly in the Swan 
Estuary about 1964, as documented by Wilson and 
Kendrick (1968). Chalmer et al. (1976) reported that 
by the mid 1970s it had become a conspicuous 
inhabitant of the lower and middle Swan Estuary. 
They also reported that marine records are rare in 
WA. However, the species appears to be native to 
the state, and has been recorded from a number of 
southwestern estuaries (Wells 1984). 


Family Semelidae 

Theora lubrica Gould, 1861 

Western Australian records and vouchers 
Bunbury (CRIMP 1997a); Rockingham, Swan 
River (Chalmer et al. 1976; Slack-Smith and Brearley 
1987; Hutchings et al. 1987; Pollard and Hutchings 
1990b; Furlani 1996). Voucher from Lucky Bay, ca. 
600 m north of Pt Waylen, Swan estuary. Lower 
west coast of WA (NIMPIS 2002). 

Distribution elsewhere 

Pacific coast of Asia, California, New Zealand 
(Chalmer et al. 1976; Pollard and Hutchings 1990b), 
in Australia introduced to Port Phillip Bay, Vic. 
(Coleman 1993; Furlani 1996, as Theora fragilis ; 
Hewitt et al. 2004) and Launceston, Tas. (Aquenol 
2001 ). 

Remarks 

Coleman (1993) records Musculista senhousia and 
Theora lubrica from Corio Bay, Port of Geelong, 
where T. lubrica is an abundant species. Both were 
introduced from the east coast of Asia. Theora 
lubrica arrived at least in the early 1970s and was 
identified as T. fragilis A. Adams (Poore and Rainer 
1974; Hutchings et al 1987; Pollard and Hutchings 
1990b). The taxonomy of this species appears to be 
confused. Furlani (1996) and NIMPIS (2002) use T. 
lubrica , but state that T. fragilis may be an earlier, 
valid name. 

The WA material, based on a single record, needs 
confirmation of the identification. 


Annelida 

Class Polychaeta (Polychaetes) 
Order Phyllodocida 
Family Nereididae 
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Alitta succinea (Leuckart, 1847) 

= Neanthes oxypoda Marenzeller, 1879, Nereis 
oxypoda Marenzeller, 1879, Neanthes succinea 
Hartman, 1938 

Western Australian records and vouchers 
Swan River, 1938 as Neanthes oxypoda (Monroe, 
1938); Swan River, 1946 as Nereis oxypoda 
(Thomson, 1946); Swan River as Neanthes succinea 
(Wilson, 1984). Lower west coast and south coast of 
WA (NIMPIS 2002). No vouchers in WAM. 

Distribution elsewhere 

Widely distributed in both hemispheres (Wilson 
1988); in Australia from Yarra River, Maribyrnong 
River, and Port Phillip Bay, Vic. (Wilson 1984; 
Cohen et al. 2001; Hewitt et al. 2004) and (as 
Neanthes oxypoda ): Port Hacking, Hawkesbury 
River, Lake Macquarie, NSW (Hutchings and 
Murray 1984; Wilson 1999). 

Remarks 

All Australian records of this species are from 
estuaries associated with or adjacent to major 
shipping harbours (Wilson 1999). According to 
Wilson (1984), published records of Neanthes 
oxypoda from Australia, China and Japan confuse 
two distinct forms, with material from China and 
Japan probably being an undescribed species. More 
recent records are likely to be the result of 
introductions by humans, both intentional and 
accidental (Wilson 1988). 

Order Sabellida 

Family Sabellidae 

Sabella spallanzanii (Gmelin, 1791) 

Western Australian records and vouchers 
Esperance (Clapin pers. comm., cited in CRIMP, 
2000; WAM 4612; Campbell 2003b; WAM 4617; 
4618); Albany (CRIMP 1997b; WAM 4048); 
Bunbury (WAM 4054; 4056; CRIMP 1997a; WAM 
7283; 7285); Cockburn Sound, Fremantle (Clapin 
and Evans 1995; CRIMP 2000; WAM 4613; 4053). 
South coast and lower west coast of WA (NIMPIS 
2002 ). 

Distribution elsewhere 

Native to the Mediterranean and Atlantic east 
coast to English Channel, introduced to South-East 
Asia, Rio de Janeiro and various localities in 
temperate Australia (West Lakes, North Haven, and 
Port River, SA, Port Phillip Bay, Vic., Devonport, 
Tas., and Twofold Bay, NSW) (Carey and Watson 
1992; Clapin and Evans 1995; Furlani 1996; Currie 
et al. 1998, 2000; CRIMP 2000; Cohen et al 2001; 
Pollard and Rankin 2003; Hewitt et al. 2004). 
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Remarks 

Also known as the European fan worm, this 
species was first noted in south-west Western 
Australia in 1994-5 (Clapin and Evans 1995), but 
specimens from Albany in the WA Museum date 
from 1965, 1978 and 1979. The species was first 
observed in Cockburn Sound in 1994. 


Myxicola infundibulum (Renier, 1804) 

Western Australian records and vouchers 
NIMPIS (2002) states the species is introduced to 
Australia but shows it as cryptogenic on the south 
coast and lower west coast of WA. No vouchers in 
WAM. 

Distribution elsewhere 

In Australia, from Port Phillip Bay, Port of 
Melbourne, Geelong and Portland, Vic. (Black 1971; 
Knox and Cameron 1971; Parry etal. 1997; Currie et 
al. 1998; Cohen et al 2001; Hewitt et al. 2004); Hong 
Kong (Paxton and Chou 2000). 

Remarks 

The identity of Australian records currently 
known as Myxicola infundibulum are currently 
being investigated by E. Dane and R. Wilson at 
Museum Victoria (T. O'Hara, pers. comm.). 


Family Serpulidae 

Hydroides elegans Haswell, 1883 
[also reported as Hydroides norvegica Gunnerus] 

Western Australian records and vouchers 

Cockburn Sound, 1978 (Lewis 1982). No vouchers 
in WAM. 

Distribution elsewhere 

Native distribution unknown, but appears to be 
of tropical/subtropical origin. Also known in the 
Mediterranean, Hawaii, Hong Kong, China, New 
Zealand and various locations in Australia, e.g.. 
Port Phillip Bay, Vic., Port Jackson, NSW, and 
Qld. (Allen 1953; Wisely 1958; Hurlbut 1991; 
Zibrowius 1991; Paxton and Chou 2000; Hewitt et 
al 2004). 

Remarks 

Often incorrectly identified in early Australian 
records as Hydroides norvegica (NIMPIS 2002) 
which H. elegans was considered synonymous 
with. Recognition of morphological differences 
between the two species (Zibrowius 1991) has 
shown H. norvegicus to be restricted to the Atlantic 
and Mediterranean, with H. elegans a widespread 
fouling species common in temperate southern 


Australia (Lewis et al. 2006). This species is 
regarded as a considerable fouling nuisance (Lewis 
etal. 2006). 

Ficopomatus enigmatica (Fauvel, 1923) 

Western Australian records and vouchers 

Peel - Harvey Estuary (WAM 86); Swan River 
(Monroe 1938; Allen 1953; Hove and Weerdenburg 
1978; Hutchings and Murray 1984; Hutchings et al. 
1987; Pollard and Hutchings 1990b). 

Distribution elsewhere 

Native distribution unknown, but appears to be 
of subtropical or temperate origin. Also known in 
the Mediterranean, U.K., France, Spain, India, 
Egypt, Tunisia, Black Sea, Japan, North and South 
America and various locations in Australia (SA, 
Port Phillip Bay, Vic., Sydney, NSW, Qld.) (Monroe 
1938; Allen 1953; Hove and Weerdenburg 1978; 
Hutchings and Murray 1984; Hutchings et al. 1987; 
Pollard and Hutchings 1990b; Zibrowius 1991; 
Cohen etal. 2001; Hewitt et al. 2004). 

Remarks 

Prevously known as Mercierella enigmatica 
Fauvel. Hove and Weerdenburg (1978) state that 
many records in the literature are based on 
incorrectly identified material. Tolerant of salinity 
fluctuations (Allen 1953). 

Order Spionida 
Family Spionidae 

Boccardia proboscidea Hartman, 1940 

Western Australian records and vouchers 
Fremantle (Hartmann-Schroder 1982; Hutchings 
et al. 1987; Pollard and Hutchings 1990b; Furlani 
1996). Lower west coast of WA (NIMPIS 2002). No 
vouchers in WAM. 

Distribution elsewhere 

Native to Japan or north-eastern Pacific; also 
found in Chile, Panama and locations in temperate 
Australia, e.g., Eyre Peninsula, SA, Port Phillip Bay 
and several locations to Portland, Vic., and Lake 
Macquarie, NSW (Blake and Kudenov 1978; 
Hartmann-Schroder 1982; Carlton 1985; Hutchings 
et al. 1987; Hartmann-Schroder 1989; Pollard and 
Hutchings 1990b; Furlani 1996; Wilson 1999; Cohen 
et al. 2001; Hewitt et al. 2004). 

Remarks 

This species was first noted in Fremantle Harbour 
in 1975 and was probably introduced through ballast 
water or hull fouling (Hartmann-Schroder 1982). 
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Polydora ciliata Johnston, 1938 

Western Australian records and vouchers 
Fremantle, Cockburn Sound (Day 1975; 
Hutchings et al. 1987; Pollard and Hutchings 1990b; 
WAM 128). 

Distribution elsewhere 

Native to the Atlantic, Mediterranean, also found 
in the Indo-West Pacific, introduced to Newcastle, 
NSW (Haswell 1885; Day 1975; Pollard.and 
Hutchings 1990b). NIMPIS (2002) shows this 
species as a known introduction to the Pilbara but 
cryptogenic on the lower west coast. 

Remarks 

Possibly a misidentification, the single Western 
Australian specimen (collected in 1972) was 
identified only from the anterior half as the 
posterior half was missing (Day 1975). Hutchings et 
al. (1987) echoes these sentiments and Furlani (1996) 
treats this as an unconfirmed record. 

Pseudopolydora paucibranchiata (Okudu, 1937) 

Western Australian records and vouchers 

WA, 1979 (Hutchings et al 1987 citing Hartman- 
Schroder 1981 WA (Pollard and Hutchings 1990b). 
No vouchers in WAM 

Distribution elsewhere 

Native to the north-west Pacific; introduced to 
west coast of USA, France, New Zealand (Blake and 
Kudenov 1978); in Australia recorded from the 
south-east, e.g.. Botany Bay, Port Hacking, Jervis 
Bay, Merimbula, NSW, Port Phillip Bay, 
Westernport Bay, Vic., Porter Bay, Torrens Island, 
Port Lincoln, SA (Dorsey 1982; Hutchings and 
Turvey 1984; Hutchings and Murray 1984; Carlton 
1985; Pollard and Hutchings 1990b; Wilson 1999; 
Hewitt et al 2004). 

Remarks 

This species is only presumed to occur in WA 
according to Furlani (1996) and is not recorded for 
the state by NIMPIS (2002). 

Chordata 

Class Ascideacea (Ascidians) 

Order Phlebobranchia 
Family Ascidiidae 
Ascidiella aspersa (Mueller, 1776) 

Western Australian records and vouchers 

Esperance (WAM 30936); Albany (Kott, 1985; 


CRIMP 1997b); Bunbury (CRIMP 1997a); 
Fremantle (CRIMP 2000) Bunbury; Pt Walter, 
Swan R. (George and George 1979; Kott 1985; 
Furlani 1996); Swan River (CRIMP; WAM 30507). 
South coast and lower west coast and Pilbara of 
WA (NIMPIS 2002). 

Distribution elsewhere 

Native to the Mediterranean, introduced to the 
eastern Atlantic and east coast of USA, New 
Zealand and temperate Australian waters (various 
isolated estuaries and bays from the Swan River, 
W.A., to SA, Tas. and Vic.) (Black 1971; George and 
George 1979; Kott 1985; Furlani 1996; Currie et al 
1998; Keough and Ross 1999; Cohen et al 2001; 
Hewitt et al 2004). 

Remarks 

First seen in Albany in 1952 and subsequently in 
the Swan River in 1962. Found on rocks and other 
surfaces in the inter-tidal zone to depths of 50 m or 
more (George and George 1979). 

Family Cionidae 

Ciona intestinalis (Linnaeus, 1767) 

Western Australian records and vouchers 
Esperance (Western Australian Museum 2002; 
Campbell 2003b; McDonald 2004; WAM 30565); 
Albany (WAM 744-83); Bunbury (CRIMP 1997a); 
Canning R.; Albany, Fremantle, Swan R. (Kott 1985, 
1990; Furlani 1996; CRIMP 1997b, 2000; WAM 
30765). South coast and lower west coast of WA 
(NIMPIS 2002). 

Distribution elsewhere 

Native to the North Atlantic, introduced to 
North and South America; Hong Kong; China Sea; 
Indonesia; New Zealand; most harbours 
throughout the world and ports throughout 
Australia (Port Adelaide and Adelaide outer 
harbour, SA, Portland and Port Phillip Bay, Vic., 
Derwent Estuary, Tas., Port Jackson and 
Newcastle, NSW, Rockhampton, Qld) (Herdman 
1899; Van Name 1945; Allen and Wood 1950; Black 
1971; Kott 1990, 1997; Furlani 1996; Currie et al 
1998; Keough and Ross 1999; CRIMP 2000; Cohen 
et al 2001; Hewitt et al 2004). 

Remarks 

Kott (1997) suggests that C. intestinalis appears 
to be declining in many of the locations in which 
it was once common, and the report of this 
species in Bandy Creek Harbour, Esperance, is 
the first to be published for almost ten years 
(McDonald 2004: 869). The species was recorded 
for Fremantle by CRIMP (2000). Ciona intestinalis 
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is known to rapidly cover the substratum, 
smothering the existing species (Lambert and 
Lambert 1998, cited in McDonald 2004). Surveys 
of the Bandy Creek harbour following severe 
local flooding and sedimentation in early 2007 
indicate that this might have eradicated the 
population in that small harbour (Travers, pers. 
comm.) 


Order Stolidobranchia 
Family Styelidae 

Botrylloides leachi (Savigny, 1816) 

Western Australian records and vouchers 

Esperance (Western Australian Museum, 2002; 
Campbell, 2003b; WAM 30564); Albany (CRIMP, 
1997b; WAM 16463); Bunbury (CRIMP, 1997a); 
Shark Bay (Wyatt et al. 2005); Barrow I. (Western 
Australian Museum 2005; WAM 29711); Geraldton, 
Fremantle, Rottnest L, Cockburn Sound, Bunbury, 
Busselton, Albany-Princess Royal Harbour (all 
collected in 1905) (Hartmeyer and Michaelsen 
1928); Geraldton, Cockburn Sound, Bunbury, 
Albany, Dampier Archipelago, Rowley Shoals, Port 
Gregory, Houtman Abrolhos, Cockburn Sound 
(Kott 1985). North Mole, Fremantle (WAM 9583; 
9584). Introduced into all areas of WA (NIMPIS 
2002 ). 

Distribution elsewhere 

Northeastern Atlantic, Europe, British Isles, North 
Sea, western Mediterranean, Adriatic Sea, Black 
Sea, Indonesia, western Indian Ocean, Red Sea, 
South Africa, New Zealand, Australia wide 
(Herdman 1899; Kott 1985; Furlani 1996; Cohen et 
al. 2001; Aquenol 2001; Hewitt etal. 2004). 


Botryllus schlosseri (Pallas, 1766) 

Western Australian records and vouchers 

Esperance (WAM 30562); Albany, Cockburn 
Sound, Swan River, Shark Bay, Rowley Shoals 
(Hartmeyer and Michaelsen 1928; Kott 1985; 
Sabbadin and Graziani 1967; Furlani 1996). WAM 
945-6.83, 963.83, 929.83, 938.83. Introduced into all 
areas of WA (NIMPIS 2002). 

Distribution elsewhere 

Native to the north-east Atlantic to 
Mediterranean, Adriatic Sea and Black Sea; 
introduced to North America, Hong Kong, Japan, 
New Zealand, and Australia-wide with the 
apparent exception of NSW (Kott 1985; Furlani 
1996; Cohen etal. 2001; Hewitt etal. 2004). 


Styela plicata (Lesueur, 1823) 

Western Australian records and vouchers 
Bunbury (CRIMP 1997a); Monte Bello Is., Swan 
River, Canning River, Cockburn Sound, Bunbury 
(Kott 1952, 1985; Hutchings et al. 1987; Pollard and 
Hutchings 1990b; Furlani 1996). Shark Bay (Wyatt 
et al. 2005); Esperance (Western Australian Museum 
2002; Campbell 2003b; WAM 30561). West coast 
and Pilbara of WA (NIMPIS 2002). 

Distribution elsewhere 

Native range unknown, cryptogenic in various 
widespread locations in the Mediterrranean and 
warmer parts the Pacific, Indian and Atlantic 
Oceans, introduced to Atlantic South America and 
probably Australia-wide (Allen and Wood 1950; 
Kott 1952, 1985; Hutchings et al. 1986, 1987, 1989; 
Pollard and Hutchings 1990b; Furlani 1996; Currie 
et al. 1998; Cohen et al. 2001; Hewitt et al. 2004). 

Remarks 

First local specimens came from Cockburn Sound 
in 1928. 

Styela clava (Herdman, 1881) 

Western Australian records and vouchers 
Albany, Cockburn Sound (Kott 1985). No 
vouchers in WAM. 

Distribution elsewhere 

Native to the northwest Pacific: Japan, Korea, 
Northern China, and Siberia; spread to parts of 
northwestern Europe, North America. In Australia 
from northern Tas., southern NSW, and Port Phillip 
Bay, Vic. (Kott 1985; Pollard and Hutchings 1990b; 
Currie et al. 1998; Cohen et al. 2001; Hewitt et al. 
2004). 

Remarks 

This species was recorded for WA by Kott (1985) 
but a western distribution is not indicated by 
NIMPIS (2002). 

Class Actinopterygii (Fish) 

Order Perciformes 
Family Gobiidae 

Acentrogobius pflaumii (Bleeker, 1853) 

Western Australian records and vouchers 

Swan River; Cockburn Sound (B. Hutchins, pers 
comm.). 

Distribution elsewhere 

Native to the north-west Pacific: Japan, Korea, 
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China, Philippines; introduced to New Zealand; in 
Australia from Port Phillip Bay, Vic. (Lockett and 
Gomon 1999, 2001; Cohen et ad. 2001; Hewitt et al. 
2004). 

Remarks 

In Port Phillip Bay, this species is common on soft 
sediments around pier pylons in water deeper than 
5 m (Lockett and Gomon 1999, 2001). 

Tridentiger trigonocephalus (Gill, 1858) 

Western Australian records and vouchers 

Bunbury (CRIMP 1997a; WAM 32763); Swan 
River, Fremantle Harbour, Cockburn Sound (Chubb 
et al. 1979; Bodeker 1985; Paxton and Hoese 1985; 
Pollard and Hutchings 1990a; Gomon et al. 1994; 
Lockett and Gomon 1999, 2001; CRIMP 2000). Swan 
River (WAM 26037; 27679; 27690); Cockburn Sound 
(WAM 25945). South coast and lower west coast of 
WA (NIMPIS 2002). 

Distribution elsewhere 

Native to north-west Pacific (Japan, China, 
Korea), introduced to California and parts of 
Australia, e.g., Sydney Harbour and Port Kembla, 
NSW; Port Phillip Bay, Vic. (Friese 1973; Hoese 
1973; Bodeker 1985; Paxton and Hoese 1985; 
Hutchings et al. 1987; Pollard and Hutchings 1990a; 
Gomon et al. 1994; Furlani 1996; Lockett and 
Gomon 1999, 2001; Cohen et al. 2001; Hewitt et al. 
2004). 

Remarks 

In eastern Australia (Sydney Harbour and Port 
Phillip Bay), this species occurs among seagrass and 
is associated with a variety of substrata; it is 
common around commercial port regions (Pollard 
and Hutchings 1990a; Lockett and Gomon 2001). 

Family Sparidae 

Sparidentex hasta Valenciennes, 1830 

Western Australian records and vouchers 

Swan River, 1985 (Bodeker 1985; Harvey and 
Beard 1985; Anon. 1985; Hutchings et al. 1987; 
Pollard and Hutchings 1990a; WAM 28437). 

Distribution elsewhere 

Arabian Sea, west coast of India, Persian Gulf 
(Pollard and Hutchings 1990a). 
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Abstract - The composition of the Christmas Island (Indian Ocean) ant fauna 
is reviewed, leading to the recognition of 52 species in 24 genera and 7 
subfamilies. This account amalgamates previously published records and 
recent extensive surveys of Christmas Island's ant fauna. Eight species 
represent new records for Christmas Island: Technomyrmex vitiensis, 
Camponotus sp. (novaehollandiae group), Cardiocondyla kagutsuchi, 
Monomorium orientale, M. cf. subcoecum, Tetramorium cf. simillimum, T. 
smithi and T. walshi. Although some of these new species records represent 
recent taxonomic advances rather than new introductions, we consider four 
species to be true new records to Christmas Island. These include 
Camponotus sp. (novaehollandiae group), M. orientale, T. smithi and T. 
walshi. None of the 52 species reported here are considered endemic. In 
general, the Christmas Island ant fauna is composed of species that are 
regarded as worldwide tramps, or that are widespread in the Indo-Australian 
region. However, Christmas Island may fall within the native range of some 
of these species. We provide a key to the ant species of Christmas Island 
(based on the worker caste), supplemented by comprehensive distribution 
maps of these ants on Christmas Island and a short synopsis of each species 
in relation to their ecology and world-wide distribution. Because of the large 
number of world-wide tramp ants on Christmas Island, this key may also 
prove applicable for introduced species resident on other oceanic islands. 


INTRODUCTION 

The ant fauna of Christmas Island (Indian Ocean) 
has claimed dubious fame through the impact of 
the introduced Yellow Crazy Ant, Anoplolepis 
gracilipes (Smith, 1857), on the population of a 
keystone species, the Red Land Crab, Gecarcoidea 
natalis (Pocock, 1888). The continuing decline of the 
Red Land Crab population through direct 
aggression by A. gracilipes workers is changing the 
composition and structure of the rainforest, 
resulting in major ecosystem disruption and 
providing favourable conditions for secondary 
invasions (O'Dowd et al. 2003). What is less well 
known is that the island harbours a considerable 
number of additional tramp ant species (e.g. Taylor 
1990), some of which have caused significant 
ecological damage in other regions of their 
introduced ranges (e.g. Holway et al. 2002; Ness 
and Bronstein 2004). 


*authors in alphabetical order; equal first authorship 


Using historical reports, it is difficult to determine 
how many species of tramp ants are currently 
established on Christmas Island, and what part of 
the fauna can be considered native. Records of the 
ant fauna of Christmas Island have been sporadic 
and are either published in old or obscure journals 
(e.g. Crawley 1915; Donisthorpe 1935; Kirby 1888, 
1900) or listed in unpublished reports that do not 
necessarily target ants (e.g. Campbell 1964; 
Collingwood and Hedlund 1980; Taylor 1990). 
From the few location records published, it appears 
that these surveys were generally restricted by their 
sampling effort and location. The most recent and 
comprehensive survey undertaken by CSIRO more 
than 15 years ago resulted in a report of 40 ant 
species, of which 26 were new records to the island 
and 29 were considered tramp species (Taylor 
1990). However, even this survey did not cover 
large areas of the island such as the north coast from 
North West Point to Smith Point and large areas of 
the south coast between Egeria point and Middle 
Point (Figure 1). As such, species with localised 
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distribution or a cryptic nature would have 
certainly escaped attention. Furthermore, given the 
dynamic nature of species composition of 
transferred ants on oceanic islands (Morrison 1996; 
Wilson and Taylor 1967), it is highly probable that 
additional species have since established 
themselves on the island. 

This study provides a comprehensive treatment 
of the ant fauna of Christmas Island. We combine 
the results of recent extensive surveys of Christmas 
Island"s ant fauna, with data from historical 
records to compile an exhaustive species list. 
Illustrated keys to subfamilies, genera and species 
to all ants of Christmas Island allow accurate 
species identification. In addition, we provide 
detailed distribution maps of all ants and 
information on their worldwide distribution and, 
if applicable, their status as tramp species. By 
drawing on ecological information, in combination 
with the distribution of the species in the distinct 
Christmas Island habitats, we also aim to predict 
the possible spread and ecological impact of 
introduced species. 


MATERIAL AND METHODS 
Christmas Island 

Christmas Island lies in the Indian Ocean, 
approximately 360 km south of Java and 2600 km 
north-west of Perth, Australia (Figure 1). Located in 
the humid tropics, the island experiences a 
monsoonal climate with distinct wet (December- 
May) and dry (June-November) seasons. The island 
covers approximately 135 km 2 , with a coastline 
consisting predominantly of sheer rocky cliffs from 
10-20 m high interspersed with a few small 
beaches. The interior is a slightly undulating 
plateau, from 160-360 m above sea level and 
predominantly covered by tall evergreen closed 
forest (Claussen 2005). A series of steep slopes or 
cliffs with intervening narrow terraces separate the 
central plateau from the shore. Unlike the evergreen 
tall forests of the plateau, many species on the 
terraces are deciduous, with the canopy usually 
being closed during the wet season but open to 
varying degrees during the dry season. On the 
terraces the understorey is generally sparser than 
the plateau, with fewer ferns and lilies (Claussen 
2005). 

Although 63% of the island is National Park, to 
date approximately 25% of the islands rainforest 
have been cleared to mine phosphate. Areas that 
fall within the current mine lease have variable 
vegetation cover, ranging in gradient from scorched 
earth (recently mined), through weed infested 
wasteland, to 40-50 year old native forest regrowth 
on stockpiles or areas that were cleared but not 
mined. 


Collection Methods 

This study is mainly based on an exhaustive 
survey of the ants of Christmas Island in 2005 
(Tsland Wide Survey 7 , IWS 2005) and a survey that 
predominantly aimed to document the impact of 
the construction of a large Immigration Reception 
and Processing Center (IRPC) (see Figure 1) in the 
Northwestern part of the island ("Biodiversity 
Monitoring Program", BMP). Parks Australia North, 
Christmas Island (PANCI), undertook both 
programs. Results of these surveys are 
supplemented by collections made during cave 
surveys (CS) undertaken between 2004 and 2006 
organised through the Western Australian 
Speleological Group, and opportunistic hand 
collections by PANCI staff. In addition, we critically 
reviewed published records of Christmas Island 
ants, since the recent comprehensive collections 
allowed an interpretation of previous 
misidentifications. 

Island Wide Survey (IWS 2005) 

The Island Wide Survey (IWS) is undertaken 
biennially in the dry months (May-July) as a 
management tool used by Parks Australia North, 
Christmas Island, to primarily gain information on 
the distribution and abundance of the Yellow Crazy 
Ant and the endemic Red Land Crab. The survey 
comprises 980 waypoints in a grid network across 
the entire island. Each waypoint is separated by at 
least 300 m from any other waypoint and has been 
accurately established by computerised GIS of 
Christmas Island. In 2005, we incorporated a 
sampling program into the IWS in order to obtain a 
comprehensive understanding of the common ant 
fauna of the island and its distribution. 

A 10 min timed sampling of ants was undertaken 
at each waypoint. Ants were collected within 
approximately 100 m 2 area (50 m x 2 m) at each 
waypoint and searched for on the ground, in leaf 
litter, under rocks and logs and on tree trunks and 
low lying foliage. One person undertook ant 
sampling at each waypoint, but eleven people 
overall were involved in collecting during the 
survey. These people were trained to have similar, 
search imagery prior to the commencement of the 
survey. Particular emphasis was placed on 
obtaining data on species diversity and not species 
abundance; therefore ants that were obviously the 
same species (i.e. from the same foraging trail) were 
sub-sampled. Ants were collected using either a 
paintbrush dipped in alcohol or a pair of soft 
forceps and preserved in EtOH until identified. 

Biodiversity Survey (BMP) 

The biodiversity survey was implemented as part 
of the Christmas Island Biodiversity Monitoring 
Program (BMP) run by PANCI. The survey was 
undertaken at three different sites near North West 
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Settlement 



Figure 1 Map of Christmas Island illustrating major geographic features and location, of mine sites. 


Point, separated bv at least 400 m. The sites 
included internal primary forest (a range of tall 
evergreen rainforest and tall semi-deciduous 
rainforest) and edge with varying degrees of 
disturbance. At each site, traps were placed at either 
end of two 100 m transects that were spaced 50 m 
apart (making a total of four trap locations per site). 
At each trap location two pitfall traps and one 
canopy malaise trap, intercept trap and light trap 
were placed. Pitfall, malaise and intercept traps 
were set for 7 days and nights at each sampling 
occasion and light traps were set for one night. 
Collections were made in January, April, July and 
October during 2004 and 2005. Examining the ants 
collected from this survey should improve the 
likelihood of encountering nocturnal, very small 
and cryptic species. However, specimens from all 


traps were bulk bottled immediately after collection 
in each trapping period, so a detailed analysis of 
which ants were successfully collected with which 
trap was not possible. 

Cave Surveys (CS) 

Ants of a recent survey of selected caves of 
Christmas Island were made available through Bill 
Humphreys (Western Australian Museum) and Tim 
Moulds (University of Adelaide). The survey, 
organised by Darren Brooks through the Western 
Australian Speleological Group and financed by 
PANCI, was conducted in April Mav 2006. Pitfall 
traps were the primary method of collection, but 
hand collections were also made. The Western 
Australian Museum also holds a small number of 
ants from a previous cave collection on Christmas 
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Island undertaken in June 2004 (D. Brooks 
unpublished data). These ants were also made 
available for study by Bill Humphreys. 

Species Identification 

Species identification was based on available 
printed keys, Internet publications or the opinion of 
expert ant taxonomists (see Acknowledgements). It 
was beyond the scope of this study to compare the 
material collected on Christmas Island with 
respective type specimens. The knowledge of the 
taxonomy and systematics of a large number of 
genera or species groups of ants collected on 
Christmas Island is rudimentary and requires 
extensive revision. Therefore, species identification 
must be taken cautiously and in many cases, 
definite species names must be considered 'species 
groups' pending a taxonomic revision of these 
groups. These include Anochetus graeffei, 
Paratrechina bourbonica , Paratrechina minutula, 
Ochetellus glaber, Tapinoma minutum and others 
(see Table 1). Species group designation follows 
Andersen (2000a, personal communication). 
Particularly problematic groups include the genera 
Paratrechina and Camponotus. In many cases, we 
have consulted ant specialists currently working on 
specific taxa (see Acknowledgements) for 
identification or confirmation of our identifications. 

Generic and species group identification 
followed Bolton (1994), Shattuck (1999) and 
Andersen (2000a). Species level identification often 
followed Wilson and Taylor (1967), but more 
detailed species keys for genera were employed if 
available. These are listed under the respective 
taxon headings below. Internet identification tools 
that were of particular help were the Australian 
Ant Image Database (available at: http:// 
ant.edb.miyakyo-u.ac.jp/AZ/index.html; verified 
11 October 2007), which contains a number of 
images of ants collected on Christmas Island, and 
AntWeb (Agosti and Johnson 2005). Some species 
previously reported from Christmas Island were 
not found during the current survey. For these 
species, we have relied on secondary publications 
for the compilation of keys. 

Voucher specimens of species collected during 
the IWS 2005 are deposited with PANCI and the 
Western Australian Museum, Perth. Some ants 
remain with the consulted specialist: Alan 
Andersen (CSIRO Darwin, various taxa), Barry 
Bolton ( Technomyrmex , Tetramorium), Archie 
MacArthur (South Australian Museum, 
Camponotus), and John LaPoIla (Smithsonian 
Institute, Washington; Paratrechina ). Collections, 
in particular the reference collection of the 
Western Australian Museum, also include a large 
number of sexuals (e.g. queens and males) for 
future systematic study; however, sexuals do not 
form part of our identification key. Previous 


significant collections of ants from Christmas 
Island have been lodged with the Australian 
National Insect Collection (CSIRO, Canberra) (e.g. 
Taylor 1990). 

Subfamilies, genera within subfamilies and 
species within genera are listed alphabetically. The 
nomenclature of all species, except Technomyrmex 
vitiensis, follows Bolton (1995). 

Abbreviations 

ANIC - Australian National Insect Collection, 
CSIRO, Canberra; PANCI - Parks Australia North, 
Christmas Island; WAM - Western Australian 
Museum, Perth. 

IWS - Island wide survey; BMP - Biodiversity 
monitoring program; CS - Cave survey 

TL - total length (measured laterally along the 
extended body of an ant) 

RESULTS 

General features of the ant fauna of Christmas 
Island 

The ant fauna of Christmas Island comprises 52 
species, representing 24 genera in 7 subfamilies 
(Table 1). The majority of these species were 
recorded during the IWS (39 species; 76%), with the 
BMP recording 51% of species (26) and the CS only 
25% (13). The cave surveys recorded two cryptic 
species ( Hypoponera punctatissima and 
Pachycondyla ( Trachymesopus ) darwinh ) that were 
not collected during the IWS 2005 or BMP (Table 1). 
Altogether over 15,000 ants were individually 
identified and databased during this study. 

The richest genera on Christmas Island are 
Tetramorium (8 species), Monomorium (6), 
Paratrechina (5) and Camponotus (3). The most 
commonly recorded species (those recorded from 
more than 200 of the 980 sites) during the IWS 2005 
were: Paratrechina sp. ( bourbonica group) (489 
waypoints), Anoplolepis gracilipes (478), 
Tetramorium insolens (462), Pheidole sp. ( variabilis 
group) (314), Paratrechina sp. ( minutula group) 
(294), Odontomachus simiilimus (289), Tapinoma 
melanocephalum (279) and Camponotus 
melichlorus (268). These eight species represent 
65% of records from the IWS 2005. 

The ants of Christmas Island together occupy all 
habitat types on the island. Although most species 
are found predominantly in forested sites, a few 
species such as Cardiocondyla kagutsuchi, 
Paratrechina longicornis, Solenopsis geminata , and 
Tetramorium bicarinatum are restricted to 
disturbed habitats such as mine sites. It appears that 
modification of the environment on Christmas 
Island due to mining activities has produced 
patches suitable for these species to become 
established. 
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DISCUSSION 

Of the 52 known ant species on Christmas Island, 
eight species represent new records for the island: 
Technomyrmex vitiensis, Camponotus sp. 
(novaehollandiae group). Cardiocondvia kagut- 
suchi , Monomorium orientate, M. cl. subcoecum , 
I etranwrium cf. simillimum t T. smithi, and 7 
walshi. Some of these new records are based on 
advances in taxonomy rather than new species to 
the island. These include T. vitiensis, which is here 
considered a valid species (B. Bolton, personal 
communication) and not a junior synonvm of T. 
albipes, as apparently reported previously. 
Monomorium cf. subcoecum and Cardiocondvla 
kaputsuchi are almost certainly the same as M talpa 
and C nuda, respectively (reported in Taylor 1990, 
see Heterick 2001; 'Seifert 2003).’ Lastly, 
Tetramorium cf. simillimum is extremely similar to 
T. simillimum and may have been included in 
previous reports as T. simillimum . Therefore, only 
four species are here considered as true new 
records for Christmas Island: Camponotus sp. 
(novaehollandiae group), At orientale, I. smithi 
and T. walshi. 

A recent immigration to Christmas Island is 
supported for three of these new species by their 
distribution pattern. Monomorium orientale, 
Camponotus sp. (novaehollandiae group), and T, 
smithi are all found at a limited number of sites (1, 
5, and 11 waypoints respectively) that are grouped 
close to the port of entry (Flying Fish Cove). While 
T. walshi was also found at a small number of 
waypoints (four), it is more widely distributed 
across the island. However, this species close 
association with disturbed habitats (such as roads 
and minefields) suggests that it may have reached 
this more extensive distribution through human 
vectors. Alternatively, given its small size and 
limited distribution, T. walshi could have simply 
been overlooked in previous surveys. 

We consider nine species that have been 
previously reported from Christmas Island but not 
found during the current surveys to be part of the 
Christmas Island ant fauna. These include: A. 
zwaluwenburgi, Cerapachys biroi, Plagiolepis 
alluaudi , P. exigua , Leptanilla sp., Monomorium 
destructor , M. pharaonis, Pvramica membranitera , 
and Hypoponera opaciceps. Most of these species 
were reported relatively recently by Taylor (1990) 
and their absence during the recent surveys most 
likely reflects limitations in our collecting 
techniques rather than their extinction from the 
island. For example, the transect samples of the IWS 
2005 almost certainly overlooked small and cryptic 
species such as Hypoponera punctatissima, 11. 
opaciceps, and Leptanilla sp. that are known only 
from single specimens on Christmas Island (Taylor 
1990). While the methodology used during the BMP 
survey would be more likely to reveal these species, 


the small number and location of sites posed 
limitations to this survey. Other species not 
detected, such as M. destructor, show very close 
association with houses in other parts of their 
introduced ranges (Collingwood et al. 1997) and 
may have also been overlooked using the current 
methodology. In other cases, it is difficult to decide 
without recourse to the original material if a 
misidentification or sample bias caused the absence 
of a species in the current survey. For example, Al. 
pharaonis has only been reported once 
(Donisthorpe 1935) and a misidentification is 
possible. All other species not listed here, which 
have been previously reported from Christmas 
Island, have been attributed to misidentifications or 
taxonomic changes, i.e. they represent junior 
synonyms of other reported species (see Table 1). 

In accordance with previous reports of the ant 
fauna from Christmas Island (e.g. Collingwood and 
Hedlund 1980; Taylor 1990), we do not consider 
any of the species reported here to be endemic. In 
general, most species are widespread globally or 
form part of the Indo-Australian fauna (Table 1). 
The three species that were originally described 
from Christmas Island (Camponotus melichloros 
Kirby, 1888, Leptogenys harmsi (Donisthorpe, 
1935), and Pachycondyla Christmasi (Donisthorpe, 
1935)) have subsequently been collected in other 
parts of the Indo-Pacific region (Taylor 1990). A 
further subspecies initially described from 
Christmas Island, Odontomachus haematodes var. 
breviceps Crawley, 1915, has subsequently been 
synonymised with a worldwide tramp, O. 
si mittimus . 

Although it is evident that none of the ants of 
Christmas Island are endemic, it is difficult to 
determine if the island falls within any of the 
species' native ranges. The first exploration of the 
island was undertaken in 1887 (Kirby 1888), a year 
before human settlement in 1888 (see http:// 
w w w. d e h. go v .a u/parks/christm as/isl e history, ht m 1; 
accessed 10 October 2007). During this mission, and 
a survey undertaken 10 years later, only two ant 
species were collected; C melichloros and L. harmsi 
(see Fable 1). Both of these species are widespread 
in the Indo-Australian region (Taylor 1990), and 
Christmas Island may fall within their native 
ranges. Other species, such as O. simillimus and P. 
christmasi, could also have a similar status, but 
were not reported on Christmas Island until 1915 
and 1935 respectively. Species reported subsequent 
to these surveys were most likely introduced onto 
the island through human commerce. Obvious 
introductions include species such as A. gracilipes 
(but see Wetterer 2005), P. megacephala and S. 
geminata, all of which are well known invasive 
ants. 

The total number of introduced species on 
Christmas Island at least equals, if not surpasses the 









Table 1 Ant species recorded from Christmas Island. IWS - Island Wide Survey, in brackets the number of waypoints at which each species was found (out of 980); BMP - 
Biodiversity Monitoring Program; CS - Cave Surveys 2004/2006. Previous records from Christmas Island: Species name given as in the original publication only if it 
deviates from the name given in first column. 4 indicates a junior synonym of listed species; $ indicates a presumed misidentification or putative synonymy (see under 
respective species listing in main text). Origin according to Trager (1984) 1 , Taylor (1990) 2 , Reimer (1994)’, Morrison (1996) 4 , McGlynn (1999)\ Shattuck and Bennett 
(2001)S Holway et al. (2002) 7 , Seifert (2003) s , ABRS (2006)T pers. comm.. B. Bolton* IA (Indo-Australian) = widespread in the Indo-Australian region; T (Tramp) = 
widespread distribution around the globe; I (Invasive) = considered one of the most ecologically damaging introduced ants. 


Species 


Survey Previous records from Christmas Island 


Origin 


Amblyoponinae 

Amblyopone zwaluwenburgi (Williams, 1946) - Taylor (1990), known from one queen specimen only 


Cerapachyinae 
Cerapachys biroi Forel, 1907 
C. longitarsus (Mayr, 1879) 


Taylor (1990) 
IWS (1) Taylor (1990) 


Dolichoderinae 

Ochetellus sp. (glaber (Mayr, 1862) group) 
Tapinoma melanocephalum (Fabricius, 1793) 
Tapinoma sp. ( minutum Mayr, 1862 group) 
Technomyrmex vitiensis Mann, 1921 


IWS (9) 

IWS (279), BMP, CS 
IWS (4) 

IWS (87), BMP 


Taylor (1990; Iridomyrmex glaber (Mayr)) 
Donisthorpe (1935); Taylor (1990); Abbott (2006) 
Campbell (1964; Tapinoma minutum) 

Taylor (1990; Teebnomyrma [sic] albipes (Fr. Smith) 4 ) 


T 2 


1 ' 7 
IA 2 - (:> 


J2.3 

T 2, c ’ 

IA 4 

T* 


Formicinae 

Anoplolepis gracilipes (Smith, 1857) IWS (478), BMP, CS 


Camponotus sp ( reticulatus Roger, 1863 group) IWS (34), BMP 

C. melichloros Kirby, 1888 IWS (268), BMP, CS 


Camponotus sp. ( novaehollandiae Mayr, 1870 group) IWS (9) 

Paratrechina bourbonica (Forel, 1886) IWS (489), BMP, CS 

P. longicornis (Latreille, 1802) IWS (68), BMP 

Paratrechina sp. ( minutula (Forel, 1901) group) IWS (294), BMP 

Paratrechina sp. ( vaga (Forel, 1901) group) IWS (12) 

P. vividula (Nylander, 1846) IWS (22) 

Plagiolepis alluaudi Forel, 1894 
P. exigua Forel, 1894 


Donisthorpe (1935; Anoplolepis longipes Jerdc); Taylor (1990; 1 7 

Anoplolepis longipes (Jordon) 1 ); O'Dowd et al. (2003); Abbott (2005, 2006) 

Taylor (1990; Camponotus sp. (widespread Indo-Australian)) IA 2 

Kirby (1888, new species); Kirby (1900); Donisthorpe (1935; Camponotus IA 2 

( Tanaemyrmex) melichloros Kirby); Collingwood & Hedlund (1980; 

Camponotus chloroticus Emery, 1897 $ ); Taylor (1990; Camponotus sp. 

(widespread Indo-Australian)); Abbot (2006; Camponotus maculatus) 

\A h 

Donisthorpe (1935); Taylor (1990) T 2 4 

Tweedie (1933); Donisthorpe (1935); Taylor (1990); Abbott (2006) T 2 4 

Taylor (1990; Paratrechina minutula (Forel)); Abbott (2006; Paratrechina minutula) T 2 
Collingwood & Hedlund (1980; Paratrechina vaga ) T 7 

Crawley (1915; Prenolepis vividula NyT); Donisthorpe (1935) T 1 

Collingwood & Hedlund (1980) T 4 

Collingwood & Hedlund (1980) 


Leptanillinae 

Leptanilla sp. - Taylor (1990; Leptanilla sp. 1), known from one male specimen only 


Myrmicinae 

Cardiocondyla kagutsuchi Terayama, 1999 
C. Wrough tonii (Forel, 1890) 

Monomorium destructor (Jerdon, 1851) 


IWS (23) 
IWS (31), BMP 


Taylor (1990; Cardiocondyla nuda (Mayr) $ ) 

Taylor (1990) 

Donisthorpe (1935); Collingwood & Hedlund (1980) 


IA 8 

T 2 - 4 - 5 

T 5 
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M. floricola (jerd on, 1851) 

M. latinode Mayr, 1872 

M. or ion tale Mayr, 1879 

M. pharaonis (Linnaeus, 1758) 

AT cf. subcoecum Emery, 1894 

Pheidole megacephala (Fabrieius, 1793) 

Pheidole sp. ( variabilis group) 

IWS (16), BMP 
1WS (5) 

rws ( 1 ) 

BMP, CS 

IWS (37), BMP 
IWS (314), BMP, CS 

Pvramica membranifera (Emery, 1869) 

Solenopsis geminata (Fabrieius, 1804) 

IWS (111), BMP 

Strumigenvs emmae (Emerv, 1890) 

S. godeftrovi Mayr 1866 

Tetramorium bicarinatum (Nyfender, 1846) 

BMP 

IWS (1) 

IWS (34), BMP 

T. insolens { Fr. Smith, 1861) 

T. lanuginosum Mayr, 1870 

IWS (462), BMP, CS 
IWS (128), BMP 

T. paciticum Mayr, 1870 

I', simillimum (Smith, 1851) 

T. ef simillium ; I ’E'2,2) 

/. smithi Mayr, 1879 

T. walshi Forel/1890 

IWS (17), BMP 
IWS (163), BMP, CS 
IWS (4) 

IWS (11) 

IWS (5) 

Ponerinae 

Anochetus sy. (graetfei Mayr, 1870 group) 

/ lypoponera con finis (Roger, 1860) 

// opaciceps (Mavr, 1887) 

It punctatissima (Roger, 1859 

Leptogenvs falcigera Roger, 1861 
/ . harmsi Donisthorpe, 1935 

IWS (17), BMP 
IWS (14), BMP 

CS 

IWS (6) 

IWS (68), BMP 

Odontoinachus simillimus Smith, 1858 

IWS (289), BMP 

Pa ch vcon 1 1 \ 'la | B r a e h y po n e ra) ch ns tin a si 
(D o n i s t h o r p e, 1933) 

IWS (192), BMP, CS 

IPichvcondyla (Trachymesopus ) darwinii (Forel, 1893) 

CS 

Platythyrea sp. (parallela (Smith, 1859) group) 

Ponera swezevl (Wheeler, 1933) 

IWS (25), CS 

IWS (2), BMP, CS 


Donisthorpe (1935); Taylor (1990) T 2 4 

Bolton (1987); Taylor (1990) 

Donisthorpe (1935) T ; 

Taylor (1990; Monomorium talpa Emery 4 ) 

Donisthorpe (1935); Collingwood & Hedlund (1980); Taylor (1990) 1 4 

Collingwood & Hedlund (1980; P. oceanica M.n r, 1866); Taylor (1990); IA 4 

Pheidole sp. (widespread Indo-Australian)) 

Taylor (1990; Trichoscapa membranifera (Emery)) T - ' 

Crawley (1915; S. geminata F. var. rufa Jerd.); Tweedie (1933; Solenopsis 1 4 

geminata rufa jerd.); Donisthorpe (1935; 5. geminata 1 . subspecies 
rufa lord.); Collingwood & Hedlund (1980); Taylor (1990) 

Taylor (1990; Quadristruma emmae (Emerv)) T ~ 1 1 

Taylor (1990) ' 1 ; 

Donisthorpe (1935; Tetramorium guineensis F. ! ); Collingwood & T 2 4 " 

Hedlund (1980); Taylor (1990) 

Taylor (1990) ' . 1 

Crawley (1915; Triglvphothrix striatidens Em.); Donisthorpe (1935; 

Triglyphothrix striatidens Emery); Taylor (1990) T 2 ' 

Taylor (1990) ' ' IA 4 .1 

Donisthorpe (1935); Taylor (1990) T 2 ; : 


Tavlor (1990; Anochetus graetfei Mayr ) 

Taylor (1990) 

Taylor (1990), known from one worker only 
Taylor (1990), known from one worker only 
Taylor (1990) 

Kirbv (1888, 1900; Lobopvlta diminuta (Smith) 4 ); Donisthorpe 
(1935, new species); Collingwood & Hedlund (1980; Leptogenvs 
pequeti [sic] (Andre) 4 ); Taylor (1990) 

Crawley' (1915; Odontoinachus haeinatoda 1.var. breviceps, 

new subspecies 1 .); Tweed ie (1933; Odontoinachus haematodes LA); 

[donisthorpe (1935; Odontoinachus haematoda L. var. breviceps y 
Campbell (1964); Taylor (1990); Abbott (2006) 

Donisthorpe (1935; Euponera ( Mesoponera) christmasi, new species); 
Collingwood & Hedlund (1980; Pachvcondyla solitaria Mayr-); Taylor (1990; 
Brachyponera christmasi (Donisthorpe)); Abbott (2006; Bradix ponera christmasi) 
Taylor (1990) (Trachymesopus considered junior synonym of Pachvcondyla 
in Bolton 1995) 

Taylor (1990; Platythyrea wroughtonii ForeP) 

Taylor (1990) 


1A 5 T 
IA 2 

T 2 1 '• 

1 2 ' 

T 2 
IA 2 


IA 2 


IA 2 


IA 2 
1 2 
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known number of ant species introduced to Hawaii 
(45 species, Reimer 1994) and nearly every other 
biogeographical region of the world (McGlynn 
1999). This is true, even when taking into account 
the possibility that a few of the species recorded on 
Christmas Island may be native, and that a few 
species reported here were not collected during the 
current survey and possibly no longer occur. 
Oceanic islands are reputed for supporting large 
numbers of introduced species, and their 
depauperate native ant fauna is thought to 
contribute to this condition (Simberloff 1995; 
Wilson and Taylor 1967). In addition, the proximity 
of Christmas Island to Indonesia (300km), and the 
fragmentation of Christmas Islands landscape 
through phosphorus mining may have facilitated 
the establishment of exotic ants. Studies 
investigating the species richness of non-native taxa 
have shown that anthropogenic factors, such as the 
degree of disturbance, fragmentation and proximity 
to the edge of the habitat fragment are often 
important factors influencing non-native species 
richness (Brooks 1999; Byers 2002; With 2002). 

Perhaps the greatest concern relating to the 
introduced ant fauna on Christmas Island is the 
potential for endemic species extinction. On 
Hawaii, the lack of co-evolved defenses of the 
endemic terrestrial fauna against exotic alien ants 
has resulted in drastic reductions in the native 
invertebrate fauna (Reimer 1994). Similarly, on 
Christmas Island the Yellow Crazy Ant is having a 
devastating impact on the endemic Red Land Crab 
(O'Dowd et ah 1999), and is possibly affecting 
populations of the endemic subspecies of the 
ground foraging Emerald Dove Chalcophaps indica 
natails Lister, 1889 and the endemic Christmas 
Island Thrush Turdus poliocephalus erythropleurus 
Sharpe, 1887 (Davis 2002). With the exception of the 
Red Land Crab, the impact of A. gracilipes and 
other exotic ants on the native invertebrate fauna of 
Christmas Island is unknown, but the potential lack 
of co-evolved defenses could make them 
particularly vulnerable to extinction. For example, 
two potentially endemic spiders ( Ariadna natalis 
Pocock, 1900 and Heteropoda listen Pocock, 1900) 
have not been found during recent targeted 
collections, although they were considered common 
when originally described (Pocock 1900). 
Undoubtedly, more experimental and observational 
evidence is required to determine the effect of these 
exotic ants on the native terrestrial fauna, in 
particular in relation to invertebrates. 


KEY TO THE ANTS (WORKERS) OF 
CHRISTMAS ISLAND 

The identification keys presented here will only 
work for ants considered part of the Christmas 
Island fauna (Table 1). Species introduced after the 


publication of this key may not key out correctly or 
may not key out at all. 

For a detailed description of ant morphology and 
terminology, the reader is referred to Holldobler 
and Wilson (1990), Bolton (1994) and Shattuck 
(1999), although key characters are illustrated for 
most couplets. 

Ants should be examined dry (preferably pinned 
for easier handling), as only dry specimens allow 
the accurate examination of cuticular patterns and 
setae arrangement that are generally important for 
species identification. Some identification couplets 
require measurements of certain body dimensions. 
To measure the total length (TL) of an ant it is 
necessary to expand ants as much as possible, as 
most specimens will preserve with the gaster bent 
ventrally (in particular species in the genus 
Tetramorium). Size ranges here refer to material 
from Christmas Island and may not correspond to 
the sizes reported for the same species elsewhere. 


1. Mesosoma attached to gaster by single, distinct 
segment (petiole) (Figures 2A-D); petiole can 
be reduced and hardly visible (Figure 2C); 
gaster may be depressed between first and 
second segment, appearing like petiole and 
postpetiole (Figure 2D).2 


Mesosoma attached to gaster by two distinct 
segments (petiole and postpetiole), gaster 
always unconstricted between first and 

second segment (Figure 3) ....30 

P etiole petiole 






petiole postpetiole 



2. Petiole with distinct rear face (Figures 2A, D) 

or reduced (Figure 2C)...3 

Petiole with distinct front and top faces, but no 
separate rear face as the rear face is attached 
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to the gaster (gaster separated from petiole 
only by a shallow impression) (figure 2JB), 

small ants (< 2 mm in length), eyeless. 

. Amblyopone zvvaluwenburgi 

(Amblyoponinae) 

3. Sting well developed and functional, and 

visible in dead specimen (Figure 4A).4 

Sting absent, tip of gaster with a circular or 
semicircular opening (acidipore) which is 
often fringed with short setae (Figure 4B), 
or tip of gaster slit-like without fringe of 
setae. 16 



4A 


acidipore 



4, Upper surface of tip of gaster (pygidium) with 
a row of small spines (Figure 5A); antennal 
scape short, only reaching about halfway 

along head (Figure 5B)... 

...5 (Cerapachyinae: Cerapachys) 

Upper surface of the tip of the gaster without a 
row of spines; scape longer than halfway 
along head .6 (Ponerinae) 


row of spines 


antennal 

scape 



5. Eyeless, unicolourous reddish-brown. 

. Cerapachys biroi 

- Well-developed compound eyes, hi coloured 
(head and gaster, excluding first segment, 
dark brown; trunk and petiole light brown; 
first segment of gaster hi colon rod with 

posterior end dark brown) (Figure 24). 

... Cerapachys kmgitarsus 

6. Head of bizarre, sculptured form (Figures 6A- 

B) with mandibles linear and inserted near its 
midline...7 

Head not deeply sculptured, mandibles 
inserted at side of head (e.g. Figure 7). 8 


7 

7. Large ant ( FI. ca. 8.0 mm), petiole dorsally 

drawn into acute spine (Figure 74). 

. Odontomachus simiJlimus 

Medium sized (TL ca. 3.0 mm), petiole summit 

a narrow' transverse ridge.. 

.. Anochetus sp. ( graeffei group) 

8. Small ant (< 2mm in length), lower surface of 

petiole with translucent spot (fenestra) 
towards the front when viewed from the side 

(Figure 8). Ponera swezevi 

Larger (> 3.0 mm), lower surface without 
fenestra.....,...9 



fenestra 

9. Petiole cylindrical, in dorsal and lateral view' 

longer than wide (Figure 9). 

. Platythyrea sp. (parallela group) 

Petiole not cylindrical, generally wider than 
long in dorsal view. 10 


9 


gaster 



petiole 



10 Tibia of hind leg with a single, comb-like 

(pectinate) spur... [ 1 (Hypoponera) 

Tibia of hind leg with two spurs, one small, 
and a larger, comb-like (pectinate) one 
(Figure 10). 13 



6A 


6B 


10 
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11. Antennal scapes short; when laid back along 

head they fail to attain median occipital 
border by a distance greater than their 

maximum diameter. 

.. Hypoponera p uncta tissima 

Antennal scapes longer, clearly attaining or 
surpassing median occipital border.12 

12. Dorsum of pronotum strongly shining and 

lacking punctuation; petiolar node in side 
view distinctly narrowing dorsally (Figure 
68).... Hypoponera confinis 

Dorsum of pronotum dully shining, with a 
close cover of very fine punctures; anterior 
and posterior faces of petiolar node in side 

view almost parallel... 

. Hypoponera opaciceps 

13. Eyes inconspicuous, less than 5 ommatidia. 

. Pachycondyla ( Trachymesopus) darwinii 

Eyes conspicuous, more than 10 ommatidia .... 
...14 


14 Claws on hind-legs without teeth. 

. Pachycondyla ( Brachyponera ) christmasi 

Inner margin of claws on hind-legs with teeth 
...15 ( Leptogenys ) 

15. Mandibles slender and strongly curved at base 
(Figure 11 A); petiole of similar height along 

its whole length (Figure 12A). 

. Leptogenys falcigera 

Mandibles wider and not curved at base 
(Figure 11B); petiole distinctly higher 
towards the rear when viewed from the side 
(Figure 12B). Leptogenys harmsi 


11A " 11B 

petiole 


12A 

16. Tip of gaster with a circular or semicircular 

opening (acidipore), often fringed with short 

setae (Figure 4B).....17 (Formicinae) 

Tip of gaster slit-like, never with fringe of setae 
.27 (Dolichoderinae) 

17. Antennae with 10 or 11 segments (including 

scape).18 



Antennae with 12 segments (including scape). 
.... 20 


18. TL ca. 5 mm; scape surpassing the rear margin 

of the head by two thirds their length or 
more; yellow to light brown ants, body 
elongate, pronotum (first segment of trunk) 
longer than wide in dorsal view (Figure 33). 
. Anoplolepis gracilipes 

TL < 3 mm; scape surpassing the rear margin of 
the head by less than one quarter of their 
length, body compact, pronotum shorter than 
wide viewed dorsally.19 ( Plagiolepis ) 

19. Antennal scape exceeds the occipital comer by 

at least the length of the first two funicular 

segments combined. Plagiolepis alluaudi 

Antennal scape exceeds the occipital corner by 
less than the length of first furnicular 
segment. Plagiolepis exigna 


20. TL < 3 mm; head, trunk [except propodeum (= 
third segment of trunk)] and gaster with 
dorsally prominent standing dark setae (only 
the small P. minutula has two setae on 
propodeum), petiolar node inconspicuous, 

with only a low frontal face (Figure 13A). 

.21 ( Paratrechina ) 


TL > 3 mm; head, trunk (including propodeum) 
and gaster with long, white but less 
prominent setae, petiolar node conspicuous 
(Figure 13B).25 ( Camponotus) 



21. Scapes surpassing occipital margin of the head 
by two-thirds their length or more (best 
viewed from the side) (Figure 14A; also 

Figure 42), body elongate and thin. 

. Paratrechina longicomis 

Scapes surpassing the rear margin of the head 
by less than half their length (Figure 14B; also 
Figure 40)...72 
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22. Small ( I I = 1.3 mm).. propodeum (third 

segment of trunk) with two setae, 

uni colon rous light yellow-brown. 

. Paratrechina sp. ( minn tula group) 

Larger ants (TL = 1.5 mm), propodeum without 
setae.23 

23. TL ca. 1.5 mm; body brown (gaster might be 

somewhat darker), coxae of leg 2 and 3 

distinctly lighter than trunk. 

. Pa rat rechina vividula 

Body light brown to black (gaster might be 
darker), coxae of leg 2 and 3 not distinctly 
lighter than trunk...24 

24. TL ca. 2.5 mm, body uniformly dark brown to 

black or light brown with darker gaster, 
katepisternum (cp. Figure 15) with short 

setae. Paratrechina sp. ( bourbonica group) 

TL ca. 1.6 - 2.0 mm; body uniformly light 

brown, katepisternum without setae. 

. Paratrechina sp. (vaga group) 


katepisternum 



25. TL < 4 mm; dorsal profile of propodeum 
concave (Figure 16A); apical segments of 
antennae darker than rest of antennae 
including scape Camponotus sp. ( reticulatus 
group) 

- TL > 5 mm; dorsal profile of propodeum 
convex (Figure 16B); scape darker than apical 
segments of antennae.26 


propodeum propodeum 



26. Length of antennal scape ca. 1 .8-2.0 mm, setae 

on antennae erect, single setae somewhat 

longer (Figure 17A)... 

. Camponotus melichloros 

Length of antennal scape ca. 2.3-2.5 mm; setae 
on scape shorter, appressed and all of similar 

lengths (Figures 17B) .... 

..... Camponotus sp. (novaehollandiae group) 

27. Petiolar node well developed, with distinct 

frontal and rear faces, TL ca. 2 mm (Figure 
18A). Ocheteilus sp. (giaber group) 



17A .L 17B 

Petiolar node greatly reduced, its forward face 


absent or indistinct (Figure 18B).28 

petiole 

petiole 


18A ' v 18B - ' 


28 Larger ants (TL ca. 3 mm), unicolorous dark 

brown to black. Technomyrmex vitiensis 

- Very small ants (TL = 1.8 mm), light yellow- 
brown or bicoloured with dark brown head 

and trunk and light gaster (Figure 28) . 

...29 (Tapi noma) 

29. ITead and trunk dark brown in contrast to light 
gaster, legs and antennae (trunk sometimes 
lighter dorsallv) (Figure 28), TL ca. 1.5 mm .. 

. Tapinoma melanocephaium 

Unicolorous light yellow-brown, minute (TL 
ca. 1 mm). Tapinoma sp. ( minutum group) 

30 Eyes absent. Leptanilia sp. (Leptanillinae) 

Eyes present, generally conspicuous and with 
many facets (ommatidia) (rarely with one or 
two ommatidia).31 (Myrmicinae) 

31. Antennae with 10-12 segments (including 

scape)..32 

Antennae with a maximum of 6 segments 
(including scape).50 

32. Antennae 1 ('-segmented, antennal club 2- 

segmented .. Solenopsis geminata 

Antennae 11- or 12-segmented, antennal club 
3-segmented or no distinct club.33 

33. Propodeum without spines (Figure 19A) . 

...34 ( Monomorium) 

Propodeum with one or two pairs of distinct 


spines (Figures 19B-C)...39 

34. Very small ants, TL < 1.3 mm.35 

Larger ants, TL > 1.5 mm .37 
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Body pilosity less dense, setae never bifid or 
trifid.45 



mesonotum 

propodeum 

pronotum 

propodeum 

spine s'f 


19A Ly 19B " "‘ 

mesometanotal 

spine 

groove 


19C 

35. Head and gaster distinctly darker than 

mesosoma. Monomorium floricola 

Head and gaster of similar colour as mesosoma 
.36 

36. Reduced eyes with only 1-2 ommatidia . 

.. Monomorium cf. subcoecum 

Eyes normally developed, eyes with > 10 
ommatidia . Monomorium orientale 

37. Mandibles with 5 teeth. Monomorium latinode 


44. Gaster black, distinctly darker than head and 

trunk and with single setae that can be easily 

recognized individually. 

... Tetramorium lanuginosum 

- Gaster dark brown, of similar colour or slightly 
darker than head and trunk and covered with 
dense, almost fur-like bifid and trifid setae 
that can hardly be recognised individually ... 
. Tetramorium walshi 

45. Larger ants (TL > 2.0 mm); setae on trunk 

slender and acute...46 

Smaller ants (TL < 2.0 mm), setae on trunk 

short, thick and blunt. 48 

46. Body uniformly dark brown, frontal corner of 

petiole without a distinct edge (Figure 20A) 

. Tetramorium pacificum 

Body uniformly yellow-brown or yellow- 
brown and with darker gaster; frontal corner 
of petiole more pronounced (Figures 20B-C) 
.47 


Mandibles with 4 teeth.38 

38 TL ca. 2 mm, head and trunk heavily punctuate 

. Monomorium pharaonis 

TL ca. 3 mm, head and trunk not punctuate. 

. Monomorium destructor 

39 Pro- and mesonotum prominently rounded 

and markedly higher than propodeum in 

lateral view (Figure 19B).40 ( Pheidole ) 

Profile of trunk straight with at most a small 
mesometanotal groove (Figure 19C) .41 

40. Pronotum and top of head shiny. 

. Pheidole megacephala 

Pronotum and top of head strongly punctured 
and rugose ..... Pheidole sp. ( variabilis group) 

41. Mesosoma and gaster with standing setae; 

distinct frontal carinae (longitudinal ridges 
originating above antennae) extending almost 

to the posterior margin of head. 

.....42 ( Tetramorium) 

No standing pilosity on head, mesosoma and 
gaster (setae appressed to body); frontal 
carina shorter.49 ( Cardiocondyla) 

42. Antennae 11-segmented, postpetiole in dorsal 

view wider than petiole and its upper surface 

smooth and shiny. Tetramorium smithi 

Antennae 12-segmented, postpetiole in dorsal 
view ca. as wide as petiole and its upper 
surface with pits.43 

43. Fairly dense cover of silvery setae, some of 

which are bifid or trifid (i.e. ends are split in 
two or three)...44 


frontal corner 
of petiole 


frontal corner 
of petiole 



frontal corner 
of petiole 



47. Body uniformly yellow-brown (very shiny in 

dried specimens), petiole frontal face with 
indistinct frontal corner (Figure 20B); some 
setae on front of head distinctly longer than 

diameter of eyes.. Tetramorium insolens 

Gaster darker than body (body not very shiny 
in dried specimens); frontal corner of petiole 
distinct (Figure 20C); setae on front of head 

shorter than diameter of eyes. 

. Tetramorium bicarinatum 

48. Body uniformly yellow-brown, palp formula 

(number of segments) 4,3. 

... Tetramorium simillimum 

Gaster darker than body, palp formula 2,2. 

.. Tetramorium cf. simillimum 

49. In lateral view, mesometanotal groove absent 

or very weak (Figure 21 A), antennal club 

darker than scape; gaster black. 

. Cardiocondyla kagutsuchi 
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In lateral view, mesometanotal groove distinct 
(Figure 21B); antennae uniformly coloured; 

gaster light brown . 

. Ca rdiocondyla wrough ton ii 

mesometanotal qroove . , , 

y mesometanotal groove 


21A 21B : 

50. Mandibles linear, meeting only at their tips, 

inner margins without teeth.. 

...51 ( Strumigenys ) 

Mandibles triangular, meeting along their inner 

margins which are toothed .. 

... Pyramica membranifera 

51. Antennae with 4 segments (including scape)... 

. Strumigenys emmae 

Antennae with 6 segments (including scape)... 
. S tru m igen ys godetfro yi 

ANTS OF CHRISTMAS ISLAND 

All currently reported ant species are listed here 
with comments on their identification, ecology, and 
distribution on Christmas Island and worldwide. 
Subfamilies, genera within subfamilies and species 
within genera are listed in alphabetical order. 

Family Formicidae Latreille, 1809 
Subfamily Amblyoponinae Bolton, 2003 

Genus Amblyopone Erichson, 1842 

Members of the genus Amblyopone are specialist 
predators on certain arthropods; some show a strong 
preference for centipedes (Shattuck 1999). They live 
in soil or leaf litter (Wilson and Taylor 1967). 

Amblyopone zwaluwenburgi (Williams, 1946) 
Identification 

Very small (TL < 2mm); eyeless (Figure 22); single 
petiole is attached to gaster with its whole rear face 
(Figure 2B). 
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Figure 22 Mead of Amblyopone zwaluwenburgi 
(redrawn after Wilson and Taylor 1967). 



Figure 23 Records of Amblyopone zwaluwenburgi on 
Christmas Island. 


Distribution 

Christmas Island: The presence of A. 
zwaluwenburgi on Christmas Island is based on the 
report of a single winged queen collected in 1989 
without precise locality data (Taylor 1990) and 
some recent (2001-2002) collections at the Central 
Area Workshop, Stuart Hill and Western Circuit 
Road (Figure 23) (D. O'Dowd personal 

communication). Given that A. zwaluwenburgi is a 
tiny cryptobiotic species that is especially difficult 
to collect (Wilson and Taylor 1967), the absence of it 
in the current surveys probably reflects the 
collection methodology rather than its 
disappearance from the island. 

Worldwide: Prior to the record from Christmas 
Island, A. zwaluwenburgi was only known from 
Hawaiian sugar cane fields (Taylor 1990). However, 
this species is a likely introduction to Hawaii and 
Christmas Island and is possibly native to 
Melanesia or the East Indies (Brown 1960; Wilson 
and Taylor 1967). 

Subfamily Cerapachyinae Forel, 1893 
Genus Cerapachys Smith, 1857 

Species of Cerapachys are specialist predators of 
other ants. During raids on ant nests, larvae in the 
attacked nest are stung and paralysed but not killed. 
When returned to the host nest, paralysed larvae 
can remain in this state for extended periods of time 
without increasing in size or pupating (Shattuck 
and Bennett 2001). Nests are generalIv small, 
normally containing only a few hundred workers 
or less. Most species will disperse quickly when 
disturbed (Shattuck 1999). 
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Cerapachys biroi Forel, 1907 
Identification 

TL ca. 2.5 mm; eyeless; unicolorous reddish- 
brown. 

Biology 

In colonies of C. biroi collected in Japan and 
Taiwan, there are no queens or sterile caste (Ravary 
and jaisson 2004). Instead, unmated female 
individuals lay diploid eggs (thelytoky) (e.g. Ravary 
and Jaisson 2004). Reproduction is linked to a 
temporal polyethism, in which older workers cease 
to lay as they become foragers, and a morphological 
polyethism, illustrated by two morphological types 
that are differentiated by differences in task 
allocation and ovary capacities {Ravary and Jaisson 
2004). 

Distribution 

Christmas Island: The distribution of C. biroi on 
Christmas Island remains obscure. It was reported 
by Taylor {1990) without detailed locality data and 
not collected during the recent surveys. 

Worldwide; Cerapachys biroi is widespread in 
tropical Asia and has also been introduced to 
Polynesia and the West Indies (e.g. Ravary and 
Jaisson 2004). 


Cerapachys longitarsus (Mayr, 1879) 
Identification 

TL ca. 2.0 mm; eyes well developed; distinctly 
bicoloured, with darker head and posterior parts of 
gaster (Figure 24). 



Figure 25 Record of Cerapachys longitarsus on 
Christmas Island. 


However, Cerapachys longitarsus commonly nests 
in hollow twigs (Brown 1975) and this nesting 
behaviour may have facilitated Its dispersal. 

Distribution 

Christmas Island: A single male was reported by 
Taylor (1990) without locality data. During the IWS 
2005, two workers from a single waypoint in the 
southern part of the island were collected in cleared 
land (Figure 25). 

Worldwide: Cerapachys longitarsus is 

widespread in the Indo-Australasian region 
(Shattuck and Bennett 2001). 


Biology 

In general, species of Cerapachys nest directly in 
the soil with single, small, simple entrance holes. 




Figure 24 Worker of Cerapachys longitarsus. 


Subfamily Dolichoderinae Forel, 1878 
Genus Ochetellus Shattuck, 1992 
Ochetellus sp. (glaber group) 

Nominal species 

Ochetellus glaber (Mayr, 1862) (Black House Ant) 

Identification 

TL ca. 2 mm; petiolar node well developed and 
very narrow in lateral view (Figures 18A, 26). The 
taxonomy of O. glaber and allied species is not 
solved and therefore this species must be regarded 
as representing a species group. 

Biology 

In New Zealand, O. glaber has been reported to 
forage primarily arboreally (Manaki Whenua 
Landcare Research 2006), although this appears to 
be an exception to its generally epigaeic life style 
(A. Andersen personal communication). 
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1 mm 


Figure 26 Worker of Ochetellus sp. (glaber group). 



Figure 27 Records of Ochetcllus sp. (glaber group) on 
Christmas Island. 


Distribution 

Christmas Island: Ochetellus sp. ( glaber group) 
was only found around the main settlement area 
and near the new Immigration Reception and 
Processing Center (1RPC) in the northwestern part 
of the Island (Figure 27). This restricted distribution 
may reflect a relatively recent introduction to 
Christmas Island. 

Worldwide: The nominal species, O. glaber, is 
most likely native to Australia, and has been 
introduced to the Pacific islands (including Hawaii) 
(Reimer 1994), North America (Smith 1979) and 
New Zealand (Brown 1958). 

Genus Tapinoma Forster, 1850 

Tapinoma melanocephalum (Fabliaus, 1793) 
(Ghost Ant) 

Identification 

Easily recognised by its small size ( 11 ca. 1.5 mm) 
and peculiar colouration: head and trunk are deep 
dark brown (trunk sometimes lighter dorsallv) with 
gaster and legs opaque or milky white (Figure 28). 



Figure 28 Worker of Tapinoma melanocephalum. 


Biology 

This species is an opportunistic nester utilising 
almost any crack or crevice, such as tufts of dead 
but temporarily moist grass, plant stems, and 
cavities beneath detritus in open, rapidly changing 
habitats (Hdlldobler and Wilson 1990). Tapinoma 
melanocephalum is unlikely to have any significant 
ecological impact (A. Andersen personal 
communication), but can be a general nuisance in 
urban areas (ISSG 2004). Its ecological impact in 
more natural environments is unknown. 

Distribution 

Christmas Island: Despite its small size and 
somewhat cryptic colouration, T. melanocephalum 
was recorded at nearly 30% of the sites visited 
during the IWS 2005 (Figure 29). It was one of the 
earliest recorded species on Christmas Island (Table 
1). The Ghost Ant was collected in both disturbed 
areas, such as mine sites, and more natural forested 
environments. 

Worldwide; Tapinoma melanocephalum is a 
tramp ant and is widely distributed in the tropical 
and subtropical regions of the world. It is probably 
of African or Oriental origin (Wheeler 1910). 



Figure 29 Records of Tapinoma melanocephalum on 
Christmas Island. 
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Tapinoma sp. (minutum group) 

Nominal species 

Tapinoma minutum Mayr, 1862 (Tiny Ghost Ant) 

Identification 

Easily distinguished from T. melanocephalum by 
the uniform yellowish-brown colour pattern. 
Shattuck (1999) lists the nominal and three 
subspecies of T. minutum in Australia suggesting 
that this species group requires taxonomic revision. 
There are several to many species of the Tapinoma 
minutum group in Australia (A. Andersen personal 
communication). 

Distribution 

Christmas Island: This species was recorded at 
only four sites during the IWS 2005 (Figure 30). 
These sites are widely distributed across the island, 
but three out of the four are very close to roads, 
suggesting that its dispersal on Christmas Island 
may be primarily through human means. However, 
this species is very inconspicuous and it is highly 
probable that it was overlooked at a large number 
of sites. 

Worldwide: The nominal species, T. minutum, 
was originally described from Sydney (New South 
Wales) and must be considered an Australian native 
(Shattuck and Bennett 2001). Wilson and Taylor 
(1967) report this species from Queensland 
(Australia), Samoa, New Guinea, Solomon Islands, 
Fiji and Micronesia. 



Figure 30 Records of Tapinoma sp. (minutum group) 
on Christmas Island. 



Figure 31 Worker of Technomyrmex vitiensis. 

Genus Technomyrmex Mayr, 1872 
Technomyrmex vitiensis Mann, 1921 
Identification 

TL ca. 3 mm; its larger size and uniform dark 
brown to black colouration distinguish this species 
from Tapinoma sp. (Figure 31). 

Technomyrmex vitiensis is currently listed as 
junior synonym of T. albipes (Wilson and Taylor 
1967); however a forthcoming revision of the genus 
Technomyrmex recognises it as a valid species (B. 
Bolton personal communication). Therefore, we list 
the species here in its new unpublished 
combination. Previous records of T. albipes from 
Christmas Island must be attributed to T. vitiensis 
(see Table 1). 

Biology 

One of the characteristics of the species group to 
which T. vitiensis belongs is the development of 
worker-queen intercastes. These are worker-like 
individuals, which exhibit a series of increasingly 
gyne-like morphological developments, such as the 
presence of ocelli, spermathecae and a gradually 
more gyne-like mesosomal structure. These 
intercastes can undertake reproductive behaviour 
(Yamauchi et al. 1991). 



Figure 32 Records of Technomyrmex vitiensis on 
Christmas Island. 
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Distribution 

Christmas Island: Although it is well dispersed 
across the island, T. vitiensis was recorded at less 
than 10% of waypoints (Figure 32). During the IWS 
2005, it was collected primarily at the edge of 
disturbed habitats. 

World wide: It is currently difficult to establish the 
worldwide distribution of T. vitiensis due to the 
confusion of this species with 7. albipes. However, 
it appears to be a very successful tramp species and 
has colonised many islands in the Pacific and Indian 
Oceans (B. Bolton personal communication). 


Subfamily Formicinae Latreille, 1809 
Genus Anoplolepis Santschi, 1914 

Anoplolepis gracilipes (Smith, 1857) 

(Yellow Crazy Ant, Long-Legged Ant) (not to be 

confused with the Black Crazy Ant, Paratrechina 
longicornis (see further below)). 

Identification 

TL ca. 5 mm; unmistakable (Figure 33); long 
slender gracile body with long legs, yellow- 
brownish colouration, gaster usually somewhat 
darker than head and thorax; workers 
monomorphic. 

Remarks 

Anoplolepis gracilipes was probably introduced 
onto Christmas Island some time between 1915 and 
1934 (Donisthorpe 1935; O'Dowd et al. 1999), but its 
distribution was unknown until populations 
exploded in the early 1990s causing devastating 
effects on the Red Land Crab population. Since 
1996, efforts have been made to locate high-density 
sites of the Yellow Crazy Ant for management 
purposes. This species is currently the focus of a 
multi-million dollar control program administered 
by PANCI. Curiously, A. gracilipes was not 
reported between 1935 and 1989, suggesting low 
numbers on Christmas Island during this period. 
Note that most literature on A. gracilipes is under 
its junior synonym A. longipes. 
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Figure 34 Records of Anoplolepis gracilipes on 
Christmas Island. 


Distribution 

Christmas Island: Although A. gracilipes is 
generally associated with human-modified 
environments in other parts of its introduced range, 
on Christmas Island it also thrives in (previously) 
undisturbed native forest habitats. It is widespread 
and common on the island (Figure 34). 

Worldwide: Anoplolepis gracilipes has been 
introduced widely across the globe (McGlynn 
1999). However, it remains poorly studied and even 
its native range is not certain. It may have 
originated from Africa or Asia (Hoiway et al. 2002; 
Wetterer 2005). The center of diversity for this 
genus is Africa and A. gracilipes is the only species 
distributed beyond that continent. 


Genus Camponotus Mayr, 1861 

Species of Camponotus are polymorphic and can 
show considerable size variation within single 
species. Foraging times vary, with some species 
foraging noeturnally or noctidiurnally (Shattuck 
1999). As it is difficult to obtain detailed 
information on the biology of most Camponotus 
species found on Christmas Island, it is possible 
that the distribution of these species is 
underrepresented by the collection methodology 
used in the IWS 2005. Camponotus species may 
forage predominantly at night (e.g. C. variegates in 
1.lawaii (Reimer 1994)). 


Camponotus sp. (reticulatus group) 


Figure 33 Worker of Anoplolepis gracilipes. 


Nominal species 

Camponotus reticulatus Roger, 1863 
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1 mm 


Figure 35 Worker of Camponotus sp. (reticulatus 
group). 



Figure 36 Records of Camponotus sp. (reticulatus 
group) on Christmas Island. 

Identification 

Smallest Camponotus on Christmas Island (TL ca. 
3.5 mm) and easy to recognise; propodeum concave 
dorsally (Figures 16A, 35). Workers of this species 
are very similar to Camponotus mackayensis (see 
for example McArthur and Shattuck 2001), however 
soldiers differ considerably (A. Andersen personal 
communication). 

Distribution 

Christmas Island: Although well dispersed across 
the island, this species is not common and was 
found at only 3% of waypoints (Figure 36). 
Camponotus sp. ( reticulatus group) does not appear 
to show any particular preference for certain 
habitats, but is not found in highly disturbed mine 
sites. 

Worldwide: Unknown. 


Camponotus melichloros Kirby, 1888 
Identification 

TL ca. 6-8 mm; easily confused with Camponotus 


1 mm ■ ■ 

Figure 37 Worker of Camponotus melichloros. 

sp. ( novaehollandiae group), but differs by the setae 
on the antennal scape which are more erect than in 
Camponotus sp. ( novaehollandiae group); C. 
melichloros is also somewhat smaller than C. sp. 
(.novaehollandiae group) and with an overall lighter 
head (but the latter two characters are not reliable 
in differentiating both species) (see Figure 37). 

Camponotus melichloros was originally 
described from Christmas Island. It is the only 
species of the C. maculatus group on Christmas 
Island. Minor workers of this group have wider 
heads at the front than at the back whereas the head 
of major workers is wider at the back than at the 
front. Previous listings from Christmas Island for 
species of this group include C. chloroticus 
(Collingwood and Hedlund 1980) and C. maculatus 
(Abbot 2006). Collingwood and Hedlund (1980) 
discuss the identity of this species on Christmas 
Island: 'Camponotus chloroticus listed above may 
well be the same as C melichloros [...] but with a 
generalised description that would equally fit both 
C. chloroticus and the widespread C. variegatus . 
We list this widespread species of the maculatus 
group from Christmas Island as C. melichloros 
pending a revision of the maculatus group for the 
Indo-Australian region. 


Distribution 

Christmas Island: Camponotus melichloros is one 



Figure 38 Records of Camponotus melichloros on 
Christmas Island. 
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of the most common ants of Christmas Island, 
having been found at 27% of sites surveyed (Figure 
38). It is distributed widely across the island, but 
appears to prefer forested sites to open disturbed 
habitats such as minefields. 

Worldwide: This species appears to be common 
in the Indo-Australian region (Taylor 1990). 

Camponotus sp. (novaehollandiae group) 
Nominal species 

Cam ponotus novaehollandiae Mayr, 1870 
(Northern (Common) Sugar Ant) 

Identification 

TL ca. 7-9 mm; easily confused with C 
melichloros, but differs by the orientation of the 
setae on the scape, which are less erect than in C. 
melichloros, the relatively larger size (but sizes 
overlap) and overall darker colour of the head (but 
colour may overlap). 

Remarks 

In Australia, the nominal species of this group, C 
novaehollandiae , forages noctidiurnally, so its 
distribution may be underrepresented by the 
methodology used in the current study (Shattuck 
and Bennett 2001). 

Distribution 

Christmas Island: This is the first record of a 
Camponotus species of the novaehollandiae group 
on Christmas Island. This species is relatively 
uncommon, found at only eight waypoints. Its 
current distribution appears to reflect a recent 
introduction, being found exclusively in the North 
East region of the island near the main port of entry. 
Flying Fish Cove (Figure 39). 



Figure 39 Records of Camponotus sp. (novaehollandiae 
group) on Christmas Island. 


Worldwide: Members of this species group are 
also known from throughout northern Australia 
(Shattuck and Bennett 2001), and Papua New 
Guinea (Edwards and Thornton 2001). 

Genus Paratrechina Motschoulsky, 1863 

With the exception of P. minutula (to species 
group level) and P. longicornis, the identification of 
workers in the genus Paratrechina is notoriously 
difficult, in particular as the sy sterna tics and 
taxonomy of this genus are not well resolved (B. 
Bolton personal communication). Species 
identification must be treated cautiously and in 
particular, those that key out to P. bourbonica mav 
represent a different species. A worldwide revision 
of the genus that wall consider material from 
Christmas Island is in progress (j. LaPolla personal 
communication). 

Paratrechina sp. (bourbonica group) 
Nominal species 

Paratrechina bourbonica (Forel, 1886) 

Identification 

TL ca. 2.5 mm. The more common Paratrechina 
sp. ( bourbonica group) (Figure 40) and fairly rare 
Paratrechina sp. (vaga group) are very difficult to 
distinguish, in particular w r hen only single 
individuals are available. Wilson and Taylor (1967) 
diagnosed P. bourbonica and P. vaga occurring on 
Pacific Islands merely by size and, to some extent 
colouration, but admitted that these characters may 
overlap. Newly eclosed Paratrechina sp. 
(bourbonica group) may be lighter in colouration 
and resemble Paratrechina sp. ( vaga group). It is 
suggested, that for identification, whole nest series 
should be considered. Reimer (unpublished) used 
an additional character to differentiate both species 
in Hawaii, namely the presence (P. bourbonica) and 
absence (P. saga) of setae on the katepisternum 
which was used here to distinguish between the 
two species groups. On Christmas Island, it appears 
that there may be more than one species in what 
keys out to Paratrechina sp. (bourbonica group). 


/ *. 

1 mm 


Figure 40 Worker of Paratrechina sp. (bourbonica 
group). 
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Figure 41 Records of Paratrechina sp. (bourbonica 
group) on Christmas Island. 


Some specimens are unicolourous dark black, 
whilst other are lighter with a darker gaster. 
However, pending a revision of Paratrechina (]. 
LaPolla personal communication), we have not 
differentiated between these forms. 

Biology 

On Hawaii, P. bourbonica has been found in 
disturbed montane habitats such as roadsides or 
urban development sites, but never in undisturbed 
sites (Reimer 1994). On Samoa it favors more 
disturbed habitats than either P. minutula or P. vaga 
(Wilson and Taylor 1967). These habitat preferences 
contrast strongly with this species' widespread 
distribution in natural forested areas on Christmas 
Island. 

Distribution 

Christmas Island: Paratrechina sp. ( bourbonica 
group) is one of the most common and widespread 
species on Christmas Island (Figure 41), but it is 
generally not found in mine sites. 

Worldwide: Probably originating from the Old 
world tropics (Asia) (Deyrup et ah 2000; Wilson and 
Taylor 1967), the nominal species, P. bourbonica , 
has been spread by commerce throughout the 
Indian and Pacific Oceans and the New World 
tropics (Trager 1984; Wilson and Taylor 1967). 
However, a proper assessment of P. bourbonica's 
global spread may have to await taxonomic revision 
of this species. 


Paratrechina longicornis (Latreille, 1802) 

(Black Crazy Ant) 


/ 

/ 



Figure 42 Worker of Paratrechina longicornis. 


Identification 

TL ca. 2.5 mm. Paratrechina longicornis is easily 
distinguished from other Paratrechina species on 
Christmas Island by its extremely long antennal 
scapes (Figure 42) and legs. 

Biology 

Paratrechina longicornis is an extremely hardy 
species that is highly adaptable and can live in both 
very dry and highly moist environments (Manaki 
Whenua Landcare Research 2006). Its ability to 
invade different habitats, together with its capacity 
to displace other ants and possibly other 
invertebrates (ISSG 2004), makes this species a 
serious threat to Christmas Island's ecosystems. On 
Christmas Island it currently appears to be 
restricted to disturbed areas, but has the potential 
to spread into more natural environments. 
Unfortunately, this species has proven relatively 
difficult to control because workers forage long 
distances and their nests are difficult to locate (ISSG 
2004). 



Figure 43 Records of Paratrechina longicornis on 
Christmas Island. 
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Distribution 

Christmas Island: On Christmas Island, /’. 
longicomis is primarily associated with disturbed 
habitats such as mine fields and near human 
settlements and roads (Figure 43). 

Worldwide: Paratrechina longicomis is either of 
Asian or African origin (Smith 1965; Trager 1984). It 
is one of the most common tramp ants in the tropics 
and subtropics, and has probably achieved one of 
the widest distributions of all the tramp ants 
(Manaki Whenua I .andcare Research 2006). 

Paratrechina sp. (minutula group) 
Nominal species 

Paratrechina minutula (Forel, 1901) 

Identification 

Smallest of all Paratrechina species from 
Christmas Island (XL ca. 1.0 - 1.2 mm); Wilson and 
Taylor (1967) considered Paratrechina minutula as 
a species complex with 'the only character showing 
variation of possible species significance [...] is 
size". However, differences in head width of 
different populations did not appear to warrant 
specific separation. Andersen (2000a) reported the 
minutula group distributed throughout Australia, 
with about a dozen species occurring in the 
monsoonal region. Therefore, this species must be 
considered to represent a species complex pending 
revision of the group. 

Distribution 

Christmas Island: Paratrechina sp. (minutula 
group) is one of the most common species on 
Christmas Island. It is widespread across the island, 


but appears to show a preference tor forested 
habitats on the plateau (Figure 44). 

World wide: It is difficult to judge the worldwide 
distribution of P. minutula and allied species, as it 
represents a complex of species. However, this 
group is most likely native to the Indo-Australian 
region (Wilson and Taylor 1967). The type locality 
of the nominal species is New South Wales, but it 
appears to occur throughout Australia. 

Paratrechina sp. (vaga group) 

Nominal species 

Paratrechina vaga (Forel, 1901) 

Identification 

Differs from Paratrechina sp. ( bourbonica group) 
in size (II ca. 1.6 - 2.0 mm) and colouration (see 
above). The coxae of legs 2 and 3 are of similar 
colour as the trunk (brown), not distinctly lighter 
(as in P. vividula). 

Distribution 

Christmas Island: Paratrechina sp. (vaga group) is 
widely dispersed across the island, but was not 
commonly found as part of the ant fauna during the 
IWS 2005 (Figure 45) 

Worldwide: The nominal species, P. vaga, is 
reported to be native to New Guinea and the 
Western Pacific (Manaki Whenua Landcare 
Research 2006). Species of this complex are reported 
from tropical Australia (Andersen 2000a) and 
various Pacific Islands, including Hawaii (Wilson 
and Taylor 1967). Also reported from Madagascar 
and Galapagos (Manaki Whenua Landcare Research 
2006). 




Figure 44 Records of Paratrechina sp. (minutula group) Figure 45 Records of Paratrechina sp. (vaga group) 
on Christmas island. Christmas Island. 
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Figure 46 Records of Paratrechina vividula on 
Christmas Island. 


Paratrechina vividula (Nylander, 1846) 
Identification 

Workers relatively small (TL ca. 1.5 mm), weakly 
bicoloured with the head and gaster yellowish- 
brown to black and alitrunk, legs and antennae 
yellow to dark reddish-brown. Paratrechina 
vividula differs from other Paratrechina of 
Christmas Island, in particular the similar sized 
Paratrechina sp. f vaga group), by the light 
colouration of the coxae of legs 2 and 3. 

Distribution 

Christmas Island: On Christmas Island this 
species is primarily found on the plateau near 
disturbed areas such as roads or mine fields (Figure 
46). 

Worldwide: Native to North America this species 
has spread relatively widely outside its native range 
(Trager 1984). 

Genus Plagiolepis Mayr, 1861 

Plagiolepis include small, inconspicuous ants that 
nest in soil and under rocks or logs or in rotten 
wood on the ground. Two Plagiolepis species have 
been recorded from Christmas Island, P. alluaudi 
and P. exigua (Collingwood and Hedlund 1980), 
but were not encountered during the recent 
surveys. It is possible they were overlooked because 
of their inconspicuous nature and small size 
(Shattuck 1999) and their preference to nest in or 
around human dwellings. Plagiolepis are similar in 
general appearance to the dolichoderine Tapinoma, 
but have only 11 antennal segments instead of 12. 
Both Plagiolepis listed here are well-known tramp 
species (Wilson and Taylor 1967). 


Plagiolepis alluaudi Forel, 1894 
Identification 

TL ca. 1.5 - 2.0 mm; differs from P. exigua by a 
longer scape that exceeds the occipital corner by at 
least the length of the first two funicular segments 
combined (by less than the length of the first 
furnicular segment in P. exigua) 

Distribution 

Christmas Island: The presence of this species on 
Christmas Island is based on an unpublished report 
without precise locality data (Collingwood and 
Hedlund 1980). Plagiolepis alluaudi was not found 
during the recent surveys. 

Worldwide: Plagiolepis alluaudi is a pan tropical 
tramp species with an increasing range through 
transport by human commerce. It appears to be 
native to Africa (Wilson and Taylor 1967). 

Remarks 

In Hawaii it is commonly found in the dry, mesic, 
and wet lowland communities (Reimer 1994). 

Plagiolepis exigua Forel, 1894 
Identification 

TL ca. 1.5 - 2.0; differs from P. alluaudi by its 
shorter scape (see above), sparser pilosity (presence 
of setae) and shinier body surface (Wilson and 
Taylor 1967). 

Distribution 

Christmas Island: Similar to P. alluaudi , the 
presence of P. exigua on Christmas Island is based 
on the report by Collingwood and Hedlund (1980). 
It was not collected during recent surveys. 

Worldwide: It is known from India, western 
China, Hong Kong, Madagascar and Ethiopia 
(Wilson and Taylor 1967). Early records from 
Hawaii are possibly erroneous (Wilson and Taylor 
1967). 

Subfamily Leptanillinae Emery, 1910 

The subfamily Leptanillinae includes only seven 
genera and is entirely absent from the New World 
and has not yet been discovered in the Malagasy 
region (Bolton 1994). These ants are very rarely 
encountered and little is known about their biology. 

Genus Leptanilla Emery, 1870 
Leptanilla sp. 

Identification 

Minute ants (Taylor 1990), eyes absent (Brady and 
Ward 2005); petiole and postpetiole present. 
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Biology 

The majority of species within LeptaniUa are 
described from either isolated males or workers 
(Brady and Ward 2005). Most males are caught in 
traps or by sweeping, suggesting that they leave the 
nest for mating (Masuko 1990). LeptaniUa queens 
have an unusual feeding behaviour in which they 
imbibe hemolymph from a pair of specialised duct 
organs on the larvae. Larval hemolymph feeding by 
this genus may be an adaptation to unstable food 
conditions (Masuko 1990). 

Distribution 

Christmas Island: A LeptaniUa sp. was reported 
by Taylor (1990) from a single male specimen. No 
locality data was given. Workers of this genus have 
never been collected from Christmas Island. We did 
not find any LeptaniUa sp. in the current survey; 
however this is not surprising given the 
subterranean nature of this genus (Masuko 1990). 

Worldwide: LeptaniUa sp. are known from 
workers collected in North Africa, the Indo- 
Australian area and Japan (Taylor 1990). 

Subfamily Myrmicinae Lepeletier, 1835 
Remarks 

Representatives of the Myrmicinae are 
distinguished from all other ants of Christmas Island 
by the presence of two segments, a petiole and a 
postpetiole, connecting the trunk and the gas ter. The 
only other subfamily with similar morphology on 
Christmas Island is the Leptanillinae, small cryptic 
and blind ants that are known from Christmas Island 
only from a single male specimen of LeptaniUa 
(Taylor 1990). All other ant subfamilies with petiole 
and postpetiole (Aenictinae, Ecitoninae, 
Leptanilloidinae, Myrmeciinae, Pseudomyrmecinae) 
do not currently occur on Christmas Island. 

Genus Cardiocondyla Emery, 1869 

Species of this genus are most easily recognised 
by their dorsoventrally flattened, wide postpetiole. 
When viewed from above it is much wider than 
long and broader than the petiole. A recent 
revisionary study of Cardiocondyda allows accurate 
species identification for the representatives of this 
genus on Christmas Island (Seifert 2003). 

The males of some Cardiocondyla species are 
unusual. In most ants, males are fully winged. 
However, in both Cardiocondyla species found on 
Christmas Island, males can be wingless (ergatoid) 
and worker-like (Seifert 2003). 

Cardiocondyla kagutsuchi Terayama, 1999 
Identification 

IL ca. 1.5 - 1.8 mm; mesometanotal groove in 



Figure 47 Records of Cardiocondyla kagutsuchi on 
Christmas Island. 


lateral view absent or only very shallow (Figure 
21 A). On Christmas Island, this species has 
previously been misidentified as C. nuda (Taylor 
1990; Table 1), which differs in the relative height of 
petiole and postpetiole (Seifert 2003). It is a sister 
species of, and may be conspecifie with, C 
niauritanica Tore!, 1890, a common cosmotropieal 
tramp species (Seifert 2003). 

Distribution 

Christmas Island; Cardiocondyla kagutsuchi can 
be found interspersed across the island but is 
primarily restricted to disturbed habitats such as 
minefields and roads (Figure 47). 

Worldwide: The range of C kagutsuchi extends 
over East India, Sri Lanka, Nepal, Bhutan, southern 
China and South Korea, southern Japan, Guam, 
Singapore, Malaysia, Indonesia, the Philippines, 
Flawaii and Papua New Guinea (Seifert 2003). 

Remarks 

The distribution of C. kagutsuchi on Christmas 
Island agrees with the habitat preferences described 
in the literature, i.e. 'in shallow soil in open, 
disturbed areas with bare or vveaklv herbaceous 
ground' (Seifert 2003). 

Cardiocondyla wroughtonii (Forel, 1890) 
Description 

Tl.ca, 1.3 - IS mm; differs from C. kagutsuchi 

by the presence of a distinct mesometanotal 
groove (Figure 21B) and the colour pattern (see 
key above). The postpetiolar sternite has a 
prominent anterolateral corner that is absent in 
C. kagutsuchi. 
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Figure 48 Records of Cardiocondyla wroughtortii on 
Christmas Island. 


Distribution 

Christmas Island: Cardiocondyla wroughtonii is 
widespread across the plateau of the island and also 
found on the northern terraces (Figure 48). This 
species appears to prefer more forested habitats 
than C. kagutsuchi on Christmas Island. 

Worldwide: Cardiocondyla wroughtonii is a 
pantropical tramp species. It was thought to have 
originated in tropical Africa and to have extended 
its range very widely in the tropics and subtropics 
through human agency (Wilson and Taylor 1967), 
but more recent evidence suggest it to be native to 
Australia (A. Andersen personal communication). 

Genus Monomorium Mayr, 1855 

Five species of Monomorium have been 
previously reported from Christmas Island; M, 
australicum (as M. talpa), M. destructor , M. 
floricola , M. latinode and M. pharaonis (Table 1). 
Only two of these, M. floricola and M. latinode , and 
two additional species (M. orientale and M cf. 
subcoecum) were collected during the recent 
surveys. The absence of M. destructor and M. 
australicum could be based on misidentification by 
past researchers. Monomorium destructor is very 
similar to M. latinode , and M. australicum is almost 
certainly the species that is here identified as M. cf. 
subcoecum (see Heterick 2001). However, we have 
included M. destructor here, since it is a well- 
known cosmopolitan tramp species. The absence of 
M. pharaonis in recent surveys is not so easily 
explained. This species is a well-known tramp that 
was reported fairly early from Christmas Island 
(Donisthorpe 1935). Since there have been no 
subsequent reports of this species on Christmas 
Island, it is likely that it either never occurred on 


the island, has become locally extinct, or is only 
present in and around houses (as in other parts of 
its introduced range) and was therefore not 
collected during the recent surveys. Accurate 
species identification of members of Monomorium 
is possible by applying the keys of Bolton (1987) 
and Heterick (2001). 

Monomorium destructor (Jerdon, 1851) 

(Singapore Ant) 

Identification 

Size variable (TL ca. 1.8 - 3.5mm). This species 
was not collected during the current survey. It is 
possible that the two reported cases of M. 
destructor on Christmas Island (Collingwood and 
Hedlund 1980; Donisthorpe 1935) were 
misidentifications, since M. destructor is very 
similar to M. latinode in both size and coloration. 
Monomorium destructor is distinguished from M. 
latinode by the presence of 4 teeth on each 
mandible (versus 5 in M. latinode), the distinct 
metanotal groove (shallow and indistinct in M. 
latinode) and the narrower postpetiole (1.5 times as 
long as broad in M. latinode) (Manaki Whenua 
Landcare Research 2006). Monomorium destructor 
is also highly polymorphic, with minor workers 2 
mm or less in length (A. Andersen personal 
communication). 

Distribution 

Christmas Island: Unknown, based on previous 
reports without precise locality data (Table 1). 

Worldwide: Monomorium destructor is most 
likely of Indian origin and has been introduced 
throughout the tropical zone, and increasingly into 
temperate regions (Bolton 1987). 

Remarks 

Monomorium destructor has been considered a 
pest species in Australia since the 1970s (Davis et al. 
1993). This species is known to cause significant 
commercial damage. It can gnaw holes in fabric and 
rubber goods and is able to remove insulation from 
power and phone lines and damage polyethylene 
cable (Bolton 1987). Several fires are attributed to 
these ants (Davis and van Schagen 1993). There are 
even reports of people being bitten or stung fiercely 
while in bed (Smith 1965). 

Monomorium floricola (Jerdon, 1851) 
Identification 

Monomorphic, TL ca. 1.4 mm; bicoloured with 
light brown trunk, and much darker head and 
gaster. Its small size and striking coloration easily 
distinguishes this ant from other ant species on 
Christmas Island. 
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Figure 49 Records of Monomorium floricola on 
Christmas Island. 


Distribution 

Christmas Island: Despite this species being 
reported on the island since 1935 (Table 1), its 
distribution is largely restricted to areas adjacent to 
roads (Figure 49). This pattern is consistent with its 
distribution in other parts of its introduced range, 
where colonies seem unable to penetrate 
undisturbed native forests (Wilson and Taylor 
1967). However, it should be noted that this species 
is primarily arboreal (Smith 1965; Wilson and 
Taylor 1967) and may have been overlooked at 
many forested sites using the hand collection 
method utilised in the IWS 2005. 

Worldwide: Monomorium floricola is possibly 
native to tropical Asia (Wilson and Taylor 1967), 
but is an extremely successful tramp species that is 
widespread in tropical and subtropical regions. 



Figure 51 Records of Monomorium latinode on 
Christmas Island. 

toothed mandibles and shallow mesometanotal 
groove distinguish \ J. latinode (Figure 50). 

Distribution 

Christmas Island: The current distribution of this 
species is restricted to the northeastern region of 
the island (Figure 51). This distribution appears to 
reflect a relatively recent introduction (Table T). 

Worldwide: Monomorium la tinode is most likely 
native to the Indian subcontinent (Bolton 1987), 
although Wilson and Taylor (1967) report its native 
range as 'Sri Lanka to Taiwan and south to Java and 
Sumatra'. It is known from several countries 
bordering the Indian Ocean (Bolton 1987). Its 
presence in Borneo, Tanzania and New Zealand 
indicates its potential as a tramp species. 


Monomorium latinode Mayr, 1872 
Identification 

TL ca. 2.5 mm; postpetiolar node viewed from 
above wider than petiole. This species is similar to 
M. destructor in size and coloration, but the 5- 
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Monomorium orientale Mayr, 1879 
Identification 

Very small ant (TL ca. 1.1 mm); could be confused 
with M. cl. subcoecum, but the latter has very 
reduced eyes, whereas the eyes of M. orientale are 
fully developed with more than 10 ommatidia. 

Distribution 

Christmas Island: This is the first record of this 
species on Christmas Island, ft was only reported 
from one waypoint in the northeastern corner of the 
island (Figure 52). 

Worldwide; Monomorium orientale has 
originally been described from India (McGlynn 
1999). It has subsequently been reported from 
Australia (B. Heterick, personal communication) 
and New Zealand but the latter records may be 
erroneous (see Gunawardana 2005). 


Figure 50 Worker of Monomorium latinode. 
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Figure 52 Records of Monomorium orientate on 
Christmas Island. 


Figure 53 Records of Monomorium cf. subcoecum on 
Christmas Island. 


Monomorium pharaonis (Linnaeus, 1758) 

(Pharaoh Ant) 

Identification 

Size variable (TL ca. 1.3 - 1.8 mm); antennae 12- 
segmented; head and trunk densely punctuated. 

Distribution 

Christmas Island: This species was not collected 
during the current survey. In fact, M. pharaonis has 
not been reported from Christmas Island since 
Donisthorpe (1935). 

Worldwide: Monomorium pharaonis is native to 
West Africa and has been introduced into Asia 
(including Japan, India and Saudi Arabia), 
Australia, North, Central and South America, 
Europe and some islands in the Indian Ocean 
(including Madagascar) and the Pacific Ocean 
(including New Zealand and some islands in the 
Hawaiian and Galapagos archipelagoes) (ISSG 2004; 
McGlynn 1999). 

Remarks 

Monomorium pharaonis frequently nests inside 
human structures but rarely displaces native species 
outside urban environments (Holway et al 2002; 
McGlynn 1999). This species is a pest in many 
regions of the world. Its presence in hospitals is of 
particular concern as it is a vector for the 
transmission of certain human bacterial pathogens 
(ISSG 2004). 

Monomorium cf. subcoecum Emery, 1894 
Identification 

Very small (TL ca. 1.1 mm); as part of the 
fossola turn-group it is apparently very similar to M. 


australicum (junior synonym M. talpa), which it 
was most likely reported as previously from 
Christmas Island. Workers of M. cf. subcoecum lack 
the domed promesonotum and deeply impressed 
metanotal groove found in M. australicum 
(Heterick 2001). Differs from M. orientale by its 
reduced eyes. 

Distribution 

Christmas Island: This cryptic species has only 
been found in the traps of the BMP in the 
northeastern parts of Christmas Island and in Whip 
Cave (CS) (Figure 53). 

Worldwide: This appears to be the same species 
as reported by Heterick (2001) from a series 
collected in Cannon Vale (Queensland). 


Genus Pheidole Westwood, 1839 

Pheidole is one of the world's most diverse ant 
genera with many hundreds of species, but the 
taxonomy and systematics of this genus in Australia 
remain rudimentary (Andersen 2000a). Workers of 
Pheidole are dimorphic (majors and minors) and 
major workers have very large heads. The genus is 
easily identified by the raised pronotum and 
mesonotum that are much higher than the 
propodeum (Figure 19B). 

Only P. megacephala and one species 
belonging to the P, variabilis group were found 
during the current survey. A further species, P. 
oceanica, has been previously recorded from 
Christmas Island. Given the widespread 
distribution of P. variabilis group, it is possible 
that P. oceanica has been misidentified. 
However, this cannot be verified without 
recourse to previously collected material. 
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Pheidole megacephala (Fabricius, 1793) 

(Big Headed Ant, Coastal Brown Ant) 

Identification 

TL ea. 3.5 mm (majors), ca. 2.5 mm (minors); 
differs from Pheidole sp. (variabilis) group, 
amongst other characters, by the smooth and shiny 
top of the head and pro no turn (punctured in 
Pheidole sp. (variabilis group)). Pheidole 
megacephala is also somewhat larger although sizes 
may overlap. 

Distribution 

Christmas Island: Pheidole megacephala is not 
common on Christmas Island and appears to be 
distributed close to disturbed areas. It is 
particularly common around the main settlement 
area and in forests adjacent to mine sites and roads 
in the Southeast of the Island (Figure 54). 

Worldwide: Evidence of the origin of P. 
megacephala derived from historical human 
records is scarce (Wheeler 1922), but South Africa 
has generally been accepted as its native range 
(Haskins and Haskins 1965; Vanderwoude et al. 
2000; Wilson and Taylor 1967). This species has 
been spread to almost all of the more humid parts 
of the tropics via commerce. 

Remarks 

Pheidole megacephala represents one of the most 
threatening exotic ant species worldwide and is 
listed as one of the world's 100 worst invasive 
species (ISSG 2004). In its introduced range, the Big- 
Headed Ant is a serious threat to biodiversity 
(Haskins and Haskins 1965; Heterick 1997; 
Hoffmann et al. 1999; Lieberburg et al. 1975; Majer 
1985), a pest to agriculture (Bach 1991; Jahn and 
Beardsley 1994), and a domestic nuisance (Schagen 



et al. 1994). Although its current distribution on 
Christmas Island is somewhat limited, this species' 
preference for shady, humid environments^ 
(Greenslade 1972; Hoffman et al. 1999; Majer 1994) 
suggests that it has the potential to spread across 
large portions of Christmas Island's rainforest. 

Pheidole sp. (variabilis group) 

Nominal species 

Pheidole variabilis Mavr, 1876 

Identification 

TL ca. 2.8 mm (majors), ca. 1.5 mm (minors); 
differs from P. megacephala by the punctuated 
pronotum and top of head, and its smaller size. 

Distribution 

Christmas Island: Pheidole sp. (variabilis group) 
is widely distributed across the island, but this 
species appears to be less common in mine sites 
(Figure 55). 

Worldwide: Based on the collections of the A NIC, 
this species appears to be a common tndo- 
Australian representative of Pheidole (Tav-ior 1990). 


Remarks 

This species may be the same as the previously 
reported P. oceanica (see Pheidole section). 



Genus Pyramica Roger, 1862 
Pyramica membranifera (Emery, 1869) 
Identification 

TL ca. 2 mm; body colour yellowish-brown. 
Except for a pair of erect scale-like hairs on 
posterior portion of the head, pilositv almost 
lacking in this species. 
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Biology 

Pyramica membranifera is found in the soil of 
rather open habitats and is predaceous on a wide 
variety of small, soft-bodied arthropods (Wilson 
and Taylor 1967). 

Distribution 

Christmas Island: The distribution of P. 
membranifera on Christmas Island remains obscure 
as the only record was without precise locality data 
(Taylor 1990). This species was not recorded during 
the current surveys. 

Worldwide: Pyramica membranifera is an 
accomplished tramp species. It has been recorded 
widely from tropical and warm temperate regions 
of the world, including Fiji, eastern China, West 
Indies and the southeastern US (Wilson and Taylor 
1967). Brown and Wilson (1959) suggested an 
African origin, but this was questioned by Bolton 
(1983). 

Genus Solenopsis Westwood, 1840 

The genus Solenopsis includes two of the most 
notorious worldwide invasive species, S . geminata 
(Fabricius, 1804) (Tropical Fire Ant) and S. invicta 
Buren, 1972 (Red Imported Fire Ant). Only S. 
geminata has been recorded on Christmas Island. 
However, all identifications of this species should 
be carefully verified against the diagnostic 
characters of S. invicta to allow an early detection 
of this problematic invasive species. Major workers 
of both species differ by the vertex of the head in 
frontal view ( geminata: strongly bi-convex, invicta : 
weakly biconvex), the length of the antennal scape 
in lateral view ( geminata : short, not reaching top of 
occipital margin; invicta: longer, almost reaching 
the occipital margin), and the absence ( geminata ) 
and possible presence ( invicta ) of a central clypeal 
tooth. 

Solenopsis geminata (Fabricius, 1804) 

(Tropical Fire Ant) 

Identification 

TL ca. 3.0 - 3.5 mm (majors), 2.2 - 2.5 mm 
(minors); currently unmistakable on Christmas 
Island: the only species of which the antennal club 
consists of only two segments. 

Distribution 

Christmas Island: On Christmas Island, this 
species shows a strong preference for open 
disturbed habitats, primarily recorded from mine 
fields and along roads (Figure 56). 

Worldwide: Solenopsis geminata is native to 
some tropical and temperate regions of the New 
World (McGlynn 1999; Wilson and Taylor 1967). 



Figure 56 Records of Solenopsis geminata on Christmas 
Island. 


Remarks 

Solenopsis geminata is classified as a Trot climate 
specialist' (Anderson 2000b) and, as such, resides 
only in hot arid regions. It is therefore unlikely to 
spread into Christmas Island's forested areas. There 
is evidence that S. geminata reduces native 
invertebrate fauna (McGlynn 1999), can have a 
negative effect on plant life because of its 
association with honey-dew producing insects (Lit 
and Caasi-Lit 2004), and is a threat to land 
vertebrates such as lizards and tortoises (Williams 
and Whelan 1991). In urban areas it can cause 
chewing damage to PVC coatings of electrical 
wiring (Prins 1985) and the sting can cause painful 
postules (Schmidt and Hoffmann 1999) with a low 
risk of anaphylactic shock (Collingwood et al. 1997; 
Hoffmann 1997). 

Genus Strumigenys Smith, 1860 

Species of Strumigenys are difficult to find other 
than when encountered in leaf litter samples 
(Shattuck 1999). Species in this genus are mostly 
specialised hunters of Collembola and have long, 
linear mandibles with a few large teeth at the apex. 
When waiting for prey the mandibles are widely 
opened and specialised trigger setae at the ant's 
mouthparts will initialise the long mandibles to 
snap shut with explosive force when prey is 
encountered. The initial strike itself usually kills the 
prey, and stinging is not necessary (Deyrup and 
Deyrup 1999). 

Strymigenys emmae (Emery, 1890) 
Identification 

Very small (TL ca. 1.2-1.5 mm); differs from S. 
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Figure 57 Record of Strumigenys emmae on Christmas 

Island. 

godeffroyi by the smaller number of antennal 
segments (4 instead of 6). 

Distribution 

Christmas Island: This small cryptic species was 
only collected in traps of the BMP in the 
Northwestern part of the island (Figure 57). 
However, due to its cryptic behaviour and small 
size it is likely that this species is more widespread 
than reported here. 

Worldwide: Strumigenys emmae is a pan tropical 
tramp species known from tropical regions 
throughout the world (Bolton 1983). The geographic 
origin of S. emmae is apparently Australia, where 
several related species occur (Bolton 2000). 
However, Africa has also been suggested as its 
native range (Deyrup and Deyrup 1999; Wilson and 
Taylor 1967) 

Strumigenys godeffroyi Mayr, 1866 
Identification 

TL ca. 1.2 - 1.5 mm; differs from S. emmae by the 
number of antennal segments (6 instead of 4). 

Distribution 

Christmas Island: Only one specimen was 
collected during the IWS 2005 in the northeastern 
part of the island (Figure 58). This species was also 
found in a previous survey (Taylor 1990), 
suggesting that it is more common than implied by 
the IWS 2005. 

Worldwide: Strymigenys godeffroyi is believed 
to be native to tropical southeastern Asia (Wilson 
and Taylor 1967). It is widely distributed from 
the Pacific, East Indies, New Guinea, Solomon 
Islands tropical mainland of Asia, the 


Figure 58 Record of Strumigenys godeffroyi on 
Christmas Island. 

Philippines, and northern Australia and across 
the Indian Ocean as far as Madagascar (W.L. 
Brown personal communication in Wilson and 
Taylor 1967). 

Genus Tetramorium Mayr, 1855 

Members of the genus Tetramorium are fairly 
distinctive. The area of the clypeus immediately 
below the antennal socket is raised into a sharp- 
edged ridge that forms the lower section of the pit 
around the base of the antennae (see Shattuck 1999, 
Figure 584). However, this character is difficult to 
identify and therefore not used in this key. The 
surface of the body of the ants is generally deeply 
sculptured with pits. The front of the head displays 
distinct raised edges (carinae) (except in T. walshi). 
Accurate species identification is possible when 
applying the keys of Bolton (1976, 1977). 

With eight species present on Christmas Island, 
Tetramorium is the most speciose genus and one 
species, T. insolens , Is particularly abundant. 

Tetramorium bicarinatum (Nylander, 1846) 
Identification 

11 ca. 2.3 mm. This species is very similar to T. 
insolens, but is distinguished by the sharper frontal 
angle of the petiole in lateral view (see Figures 20B 
vs. 20C), the shorter setae on the head and the 
darker gaster (see Bolton 1977 for a detailed 
identification table to distinguish both species). 

Distribution 

Christmas Island: Tetramorium bicarinatum is 
mainly found in disturbed habitats such as mine 
sites and near roads (Figure 59). 
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Figure 59 Records of Tetramorium bicarinaturn on 
Christmas Island. 


Worldwide: Tetramorium bicarinatum has been 
considered native to South-East Asia (Bolton 1977) 
and Africa (Ingram et al. 2006), but has been widely 
distributed to many parts of the tropics by human 
commerce. This species dominates some habitats of 
the New World (Ingram et al 2006). 

Tetramorium insolens (Fr. Smith, 1861) 
Identification 

TL ca. 2.3 mm. Very similar to T, bicarinatum , but 
distinguished by the less sharp anterior angle of the 
petiole in lateral view (Figure 20C vs. 20B), and 
generally lighter gaster and longer setae on the head 
(see Bolton 1977 for an identification table to 
distinguish both species). 



Figure 60 Records of Tetramorium insolens on 
Christmas Island. 


Distribution 

Christmas Island: This species was one of the 
most commonly collected ants during the recent 
surveys, but appears to be absent from areas on the 
lower terraces (Figure 60). The widespread 
distribution of T. insolens on Christmas Island is 
somewhat surprising given that it was recorded for 
the first time on the island in 1989 (Taylor 1990) 
(although it may have been confused with T, 
bicarinatum by Donisthorpe (1935)). 

Worldwide: Widespread; Bolton (1977) reported 
it from Sri Lanka, Flores, Sulawesi, the Philippines, 
Solomon Island, New Guinea, Pacific Islands, and it 
has been introduced into hot houses in Europe. 

Tetramorium lanuginosum Mayr, 1870 
Identification 

TL 1.5 - 2.1 mm; within Tetramorium of 
Christmas Island most similar to T. walshi due to 
the presence of bifid or trifid setae, however differs 
in the darker colour and much less dense pilosity, 
in particular on the gaster. 

Distribution 

Christmas Island: Widespread and common on 
Christmas Island (Figure 61). 

Worldwide: Probably native to tropical Asia 
(Wilson and Taylor 1967) and northern Australia 
(A. Andersen personal communication), and spread 
by commerce to Africa and the Pacific coast of 
Mexico (Wilson and Taylor 1967). 



Figure 61 Records of Tetramorium lanuginosum on 
Christmas Island. 


Tetramorium pacificum Mayr, 1870 
Identification 

TL ca. 2.0 - 2.5 mm; easily distinguished from 
other Tetramorium on Christmas Island by the 
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Figure 62 Records of Tetramorium pacificum on 
Christmas Island. 


Figure 63 Records of Tetramorium simillimum on 
Christmas Island. 


uniformly dark brown to blackish-brown colouration 
and the shape of the petiolar node (Figure 20A). 

Distribution 

Christmas Island: Tetramorium pacificum 
appears to be predominantly found on the plateau 
rainforest (Figure 62). 

Worldwide: Tetramorium pacificum is probably 
native to the Indo-Australian region, i.e. Southeast 
Asia, most of Melanesia, including New Caledonia, 
Micronesia, Polynesia east to the Marquesas and 
North Queensland (Wilson and Taylor 1967). It is 
one of the most common ants of the Pacific region 
and has probably been introduced to North 
America (Creighton 1950), and some islands, 
including the Society Islands (Morrison 1996) and 
Niue (Collingwood 2001). 

Tetramorium simillimum (Smith, 1851) 
Identification 

Small (TL 1.3 - 1.8 mm); the short, stout pilosity 
on mesonoma easily distinguishes this and T. cf. 
simillimum from the other species of Tetramorium 
on Christmas Island. In contrast to T, cf. 
simillimum, this ant is uniformly yellow-brown 
(darker gas ter in 7. cf. simillimum) and the palp 
formula is 4,3 (2,2 in T. cf. simillimum). 

Distribution 

Christmas island: Tetramorium simillimum is 
well dispersed across the island (Figure 63). It is a 
very small species and may be more common than 
indicated by the hand collections of the IWS 2005. 

Worldwide: Tetramorium simillimum is a 
pan tropical tramp species originating from the old 
world tropics (Africa) (Bolton and Collingwood 


1975; Bolton 1977, 1980). It has been spread by 
commerce throughout the Americas and the 
Caribbean, Indian and Pacific Oceans (Bolton 1977, 
1979, Clark et al 1982; Wetterer and Wetterer 2004; 
Wilson and Taylor 1967). 

Remarks 

Tetramorium simillimum occurs to about 1100 m 
altitude in dry and mesic habitats in Hawaii (Reirner 
1994). There, it is limited to disturbed habitats. The 
species appears to be most active during the morning 
and evenings (Whitcomb et al. 1982). 

Tetramorium cf. simillimum 
Identification 

Small (TL 1.3 - 1.8 mm); see above to distinguish 
this species from T simillimum. 



Figure 64 Records of Tetramorium cf. simillimum on 
Christmas Island. 
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Distribution 

Christmas Island: This species was found at only 
four sites distributed from the northwest to the 
southeast of Christmas Island (Figure 64). 

Worldwide: Worldwide distribution unclear 
(under revision by B. Bolton). 

Tetramorium smithi Mayr, 1871 
Identification 

Tetramorium smithi is the only Tetramorium on 
Christmas Island with 11-segmented antennae (all 
other are 12-segmented). 

Distribution 

Christmas Island: Tetramorium smithi was 
encountered at only a few sites during the IWS 2005 
that are all clustered in the north-east comer of the 
island (Figure 65). This distribution potentially 
reflects a recent introduction. All of these sites are 
adjacent to disturbed habitats such as roads or mine 
sites. 

Worldwide: Tetramorium smithi is an Indo- 
Malayan species, reported from Sri Lanka, India, 
Myanmar, Thailand, Vietnam, Malaya, Borneo and 
Sulawesi (Bolton 1977). 



Figure 65 Records of Tetramorium smithi on Christmas 
Island. 

Tetramorium walshi Forel, 1890 
Identification 

TL ca. 1.5 mm; the very dense pilosity of bifid and 
trifid setae distinguishes this species from all other 
Tetramorium on Christmas Island. 

Distribution 

Christmas Island: Tetramorium walshi was 
encountered at only five sites during the IWS 2005, 



Figure 66 Records of Tetramorium walshi on Christmas 
Island. 


all of which are near roads or at mine sites (Figure 

66 ). 

Worldwide: Known from India and Thailand 
(Bolton 1976). 

Subfamily Ponerinae Lepeletier, 1835 
Genus Anochetus Mayr, 1861 
Anochetus sp. (graeffei group) 

Nominal species 

Anochetus graeffei Mayr, 1870 

Identification 

TL ca. 3.0 mm; distinct shape of head and 
mandibles that insert medially on head (Figure 6B); 
Odontomachus simillimum (Figure 6A) has a 
similar head and mandible shape, but is nearly 
three time as large. The taxonomy of Anochetus sp. 
(graeffei group) is not resolved and this species 
must therefore be regarded as representing a 
species group. Brown (1978; p. 587) provided a 
detailed discussion on A. graeffei systematics: The 
bounds of graeffei variation, and whether or not the 
species divides into sibling species, are ripe subjects 
for future gamma-taxonomic studies. These studies 
are certainly warranted, considering the 
outstanding success the species has had as a colonist 
through the Indo-Australian area'. 

Distribution 

Christmas Island: Anochetus sp. ( graeffei group) 
was found all over the island but only at a limited 
number of sites (Figure 67). However, these are 
cryptic ants that hunt for prey in the leaf litter and 
can be hard to detect unless litter is sifted. 
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Figure 67 Records of Anochetus sp. f graeffei group) on 
Christmas Island. 


Worldwide: The nominal species, A. graeffei, is 
reported to range from Southeast Asia to 
Queensland (Australia), and eastward into 
Micronesia and the Cook Islands (Wilson and 
Taylor 1967). It is continuously distributed 
throughout Melanesia, including New Caledonia. 
Taxonomic problems, however, make an 
interpretation of the distribution of species in this 
group difficult. 

Genus Hypoponera Santschi, 1938 
Hypoponera confinis (Roger, 1860) 
Identification 

TL ca. 2.2 mm; differs from H punctatissima in 
the relatively longer antennal scapes, and from H. 
opaciceps by its shiny pronotum and the petiolar 
node that narrows dorsally (Figure 68). 

Distribution 

Christmas Island: Hypoponera confinis has been 
found over nearly the whole island albeit at only a 
few sites (Figure 69). 


y 

1 mm 


Figure 68 Worker of Hypoponera confinis. 



Figure 69 Records of Hypoponera confinis on 
Christmas Island. 

Worldwide: Hypoponera confinis is a widespread 
species that is probably native throughout India, 
Ceylon, Indo-China, Indonesia and Melanesia, at 
least as far east as New Guinea (Wilson and Taylor 
1967). Christmas Island may therefore constitute 
part of its native range. 

Hypoponera opaciceps (Mayr, 1887) 
Identification 

Differs from H. confinis , the most common 
Hypoponera on Christmas Island, by a rectangular 
shape of the petiolar node in lateral view 
(narrowing dorsally in H confinis ), and from II. 
punctatissima by the longer scape. 

Distribution 

Christmas Island: On Christmas Island, this 
species was only reported once without precise 
locality data (Taylor 1990). It was not found during 
any of the recent surveys. 

Worldwide: Hypoponera opaciceps is considered 
of Brazilian origin and in the New World it reaches 
more or less continuously from the southern United 
States as far south as Montevideo in Uruguay 
(Wilson and Taylor 1967). It appears to have been 
introduced into the Old World more or less 
irregularly by human commerce and was reported 
in a number of Polynesian localities, but also the 
Philippines and New Caledonia (Wilson and Taylor 
1967). 


Hypoponera punctatissima (Roger, 1859) 
Identification 

Differs from the other two members of 
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Figure 70 Records of Hypoponera punctatissima on 
Christmas Island. 


Hypoponera on Christmas Island by the shorter 
antennal scape. 

Distribution 

Christmas Island: One worker was collected by 
pitfall trap during the recent cave survey from 
Daniel Roux Cave Upper (CI-56) (Figure 70). Prior 
to this, a single specimen of H. punctatissima has 
been reported from Christmas Island without 
precise locality data (Taylor 1990). 

Worldwide: Hypoponera punctatissima is 
probably of African origin and has been carried 
extensively by man to the warmer parts of the globe 
(Wilson and Taylor 1967). 

Remarks 

Males of this species are peculiar in that they have 
highly worker-like ergatoids, and normal winged 
males have not been found (Wilson and Taylor 
1967). This behavioural adaptation may have 
contributed to this species" success at establishment 
when introduced into new areas (Taylor 1967). 



Figure 71 Records of Leptogenys falcigera on 
Christmas Island. 


south (Figure 71). It appears to prefer disturbed 
habitats. 

Worldwide: Leptogenys falcigera is probably of 
African origin (Wilson and Taylor 1967). 

Leptogenys harmsi Donisthorpe, 1935 
Identification 

TL ca 5.5 mm; L. harmsi forms part of the 
conigera- group of Leptogenys (Andersen 2000a); 
the petiole of this species has a distinct shape, with 
its rear face distinctly higher than the frontal face 
(Figures 12B vs. 12A, 72). We attributed L. peuqueti 
as reported by Collingwood and Hedlund (1980) to 
this species, as it also forms part of the conigera- 
group. Pending further revisionary work, we must 
also consider the earlier report of the similar L. 
diminuta (Smith, 1857) as misidentification of the 
common L. harmsi, as we can assume that 
Donisthorpe (1935) was aware of the earlier 
identification of this species as L. diminuta by Kirby 
(1888,1900) (see Table 1). 


Genus Leptogenys Roger, 1861 
Leptogenys falcigera Roger, 1861 
Identification 

TL ca. 6.0 mm; the shape of the mandibles (Figure 
11A) unmistakably identify this species on 
Christmas Island. Species identification is based on 
the record of Taylor (1990). 

Distribution 

Christmas Island: Leptogenys falcigera was only 
found near the main settlement Flying Fish Cove in 
the northeastern part of the island and in the far 


Distribution 

Christmas Island: Leptogenys harmsi is 
predominantly found on the eastern parts of the 



Figure 72 Worker of Leptogenys harmsi. 
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Figure 73 Records of Leptogenvs. harms / on Christmas 
Island. 


Figure 75 Records of Odontomachus simillimus on 
Christmas Island. 


island and is common near disturbed areas and 
roads (Figure 73). 

Worldwide: Originally described from Christmas 
Island. Based on the ANIC collection it is 
widespread in the Indonesian area and possibly a 
junior synonym (Taylor 1990). 


Worldwide: Odontomachus simillimus ranges 
continuously from Ceylon to Micronesia and 
inner Polynesia. Within this range it is one of the 
dominant ants, maintaining dense populations in 
a wide variety of habitats (Wilson and Taylor 
1967). 


Genus Odontomachus Latreille, 1804 
Odontomachus simillimus F. Smith, 1858 
Identification 

Similar head and mandibles as Anochetus sp. 
(graetlei group), but much larger (TL ca. 8.0 mm) 
and with a petiolar node that ends in a dorsal thorn 
(Figure 74). 

Distribution 

Christmas Island: Odontomachus simillimus was 
recorded from Christmas Island as early as 1915 
(Table 1). This is a large and conspicuous species 
that is easily collected. It is widespread and 
common on the island (Figure 75), but generally 
absent in mine sites. 



Remarks 

There is no doubt that the early records of O. 
haematodes from Christmas Island represent 
misidentified O. simillimus (see Table 1). The 
similarity of these species is indicated by the 
description of a new subspecies of O. haematodes 
from Christmas Island, O. haematodes var. 
breviceps, which was subsequently synonymised 
with O. si m i Him us (Ta ble Jj. 

Genus Pachycondyla Smith, 1858 
Subgenus Brachyponera Emery, 1900 

Pachycondyla (Brachyponera) christmasi 
(Donisthorpe, 1935) 

Identification 

TL ca. 3.0 mm; two spines on the tibia of the third 
leg, well-developed eyes (Figure 76) (in contrast to 
Pachycondyla (Trachymesopus ) darwinii; Figure 
78) and no teeth on the inner margin of the claws of 
the third leg (in contrast to Leptogenys ). 

Distribution 

Christmas Island: Pachycondyla ( Brachvponera) 
christmasi is widespread on the plateau with the 
exclusion of mine sites. It is less common on the 
terraces of Christmas Island (Figure 77). 

Worldwide: Appears to be a common species in 
the Indo-Australian region based on collections of 
the ANIC (Taylor 1990). 
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Figure 76 Worker of Pachycondyla ( Brachyponera ) 
christmasi. 



Figure 78 Worker of Pachycondyla ( Trachymesopus) 
darwinii. 



Figure 77 Records of Pachycondyla ( Brachyponera ) 
christmasi on Christmas Island. 


Remarks 

Pachycondyla ( Brachyponera ) christmasi was 
originally described from Christmas Island, but it 
appears to be widespread in the Indonesian area 
based on the ANIC ant collection; a senior synonym 
may exist (Taylor 1990). Collingwood and Hedlund 
(1980) suggested it to be a junior synonym of 
Pachycondyla solitaria. We could not confirm this 
synonymy, as we did not have access to material of 
P. solitaria. Hence, we list this abundant species 
from Christmas Island as P. ( B .) christmasi pending 
a revision of the genus. 

Subgenus Trachymesopus Emery, 1911 

Pachycondyla (Trachymesopus) darwinii (Forel, 
1893) 

Identification 

TL ca. 2.0 mm; the presence of two spines on the 
third tibia (one pectinate spine in the similar 
Hypoponera) in combination with the very small 
eyes (Figure 78) identifies this species within the 


Ponerinae of Christmas Island. The identification of 
this species remains tentative since the workers 
reported here are unusually larger than queens in 
collections (A. Andersen personal communication). 

Distribution 

Christmas Island: This species was reported by 
Taylor (1990) based on a single queen without 
detailed locality data. The only recent record is 
from 19 th Hole Cave collected during a cave survey 
in April 2004 (WAM, registration no. BES13582) 
(Figure 79). 

Worldwide: This species is widespread in the 
Indo-Australian region (Taylor 1990). 

Remarks 

The record of two workers of this species from 
caves on Christmas Island suggests troglobitic 
behaviour. This may also explain why this species 
is mainly known from females collected at lights 
(A. Andersen personal communication). 



Figure 79 Records of Pachycondyla ( Trachymesopus ) 
darwinii on Christmas Island. 
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Figure 80 Worker of Platythyrea sp. (parallela group). 


Genus Platythyrea Roger, 1863 
Platythyrea sp. (para 11 el a group) 

Nominal species 

Platythyrea parallela (Smith, 1859) 

Identification 

TL ca. 2.5 - 3.0 mm; uniformly brown; the long, 
almost cylindrical shape of the petiole identifies this 
species in comparison to all other Ponerinae from 
Christmas Island (Figure 80). The taxonomy of the 
species in this group is not resolved and therefore it 
is listed here as a species group (A. Andersen 
personal communication). 

Distribution 

Christmas Island: Although workers of 
Platythyrea sp. (paralleled group) are conspicuous, 
some species of this group are known to forage 
arboreally (A. Andersen personal communication), 
rendering them potentially difficult to collect by 
hand. As such, the current distribution of 
Platythyrea sp. (parallela group) as illustrated in 


Figure 81 may not fully represent the distribution 
of this species across the island. 

Worldwide: The nominal species, Platythyrea 
paralleled, is considered native to Australia (Shattuck 
and Bennett 2001). It is also found from tropical 
Asia to Samoa (Wilson and Taylor 1967) and Fiji 
(Ward and V\ offerer 2006). 

Genus Ponera Latreille, 1804 
Ponera swezeyi (Wheeler, 1933) 
Identification 

The smallest ponerine ant on Christmas Island 

('ll .ca. 1.7 mm, F IW 0.30 - 0.32 mm); the presence 

of a translucent spot on the underside of the petiole 
(fenestra) undoubtedly identifies this species. 
Accurate species identification is possible with a 
key in a detailed revision of Ponera (Taylor 1967). 

Distribution 

Christmas Island: This species was collected at 
only four sites; two waypoints in the 1WS 2005, at 
Grants Well Cave (CS) and at the BMP survey site 
(Figure 82) 

Worldwide: This species was thought to be 
endemic to Hawaii until it was discovered on 
Samoa {Wilson and Taylor 1967). The native range 
of P. swezevi is thought to be South-East Asia 
(Taylor 1990). 

Remarks 

This species' predilection to soil nesting rather 
than rotting logs (as is usual in Ponend) mav have 
increased the likelihood of its dispersal by man 
(Wilson and Taylor 1967). 




Figure 81 Records of Platythvrea sp. (parallela group) 
on Christmas Island. 


Figure 82 Records of Ponera 
Island. 


on Christmas 
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Abstract - We report fossil remains of pvgopodid lizards of known or probable 
Holocene deposits in Webbs Cave in Western Australia and Wombat Cave in 
South Australia. Knowledge of patterns of skeletal variation within and across 
pvgopodid groups is insufficiently mature to permit species-level resolution. 
Confident identification of apomorphies to diagnose our specimens is limited 
by a general paucity of skeletal preparations of pygopodids. Preserved 
anatomical features on the fossils are interpreted in the context of published 
literature and putative apomorphies, and permit referral to the genus Pvgopus. 
These specimens represent important additional records of Pygopus, and 
contribute to an improved understanding of the evolution of faunal 
communities in the Holocene of western and southern Australia. 


INTRODUCTION 

Several cave deposits in Western Australia were 
excavated since the 1950s for late Quaternary 
mammalian and archaeological remains, and 
produced a rich palaeontological record (Lundelius 
1960; Dortch 1996, 2004). Marsupials and rodents 
were the focus of many of these studies, and 
extinctions and changes in their relative abundances 
through time are well documented. These changes 
serve as climatic proxies or to document 
zoogeographic range variations (Lundelius 1960, 
1983; Balme ot al. 1978; Baynes 1982). Squamate 
remains from these deposits also are abundant but 
have yet to be systematically studied in detail. Here 
we report the occurrence of pvgopodid lizard 
remains recovered from cave deposits at Webbs and 
Wombat caves (Hampton Tableland). 

IN go pods (flap-footed lizards) are a family of 
gekkonoid lizards endemic to Australia and New 
Guinea (Shea 1993). Over 38 species are currently 
recognized within the family, and are classified in 
seven genera ( Aprasia , Dolma , IJalis , 
Ophidiocepha!us r Paradelma , Plotholax, and 
Pygopus; Jennings et al. 2003; Han ot al. 2004; 
Maryan et al. 2007). Pygopods occur throughout 
most of Australia except for Tasmania, extreme 
southeastern Australia, and the rainforests of the 


northeast (Shea 1993). Although today they are 
widespread throughout most of the continent, their 
fossil record is extremely sparse, with only one 
known fossil from the Miocene of Riversleigh, 
northwestern Queensland (Hutchinson 1997). 
Estimates of divergence times and mode of 
evolution and dispersal for the group are based 
mostly on inference from molecular data sets and 
tree topologies (e.g. Jennings ot al. 2003). 

Although superficially snake-like in appearance, 
pygopods retain a pectoral girdle with no external 
vestiges of front limbs and a pelvic girdle 
occasionally with hind limb remnants (Greer 1989; 
Shea 1993). Based on a sequence of molecular data 
( 12S rRNA and c-tnos) Donne!Ian et al. (1999) 
support the concept that Pygopodidae and 
Diplodactylidae are sister tax a. Similarly', the most 
recent taxonomic treatments recognize a 
monophyjetic Pygopodidae as sister taxon to 
Diplodactylidae (Russell and Bauer 2002) or as 
sister to the padless Australian carphodactvlines 
(Han et al. 2004). However, details of cranial 
osteology and myology are presently ambiguous in 
supporting a definitive sister-taxon relationship 
between pygopods and other groups of gekkonoids 
(e.g. Kluge 1987; Estes ot al. 1988; Roll and Henkel 
2002). The historical uncertainty of higher-level 
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relationships of pygopods contributed to a variable 
taxonomy for the pygopods and diplodactyline 
geckos (see differing views in Kluge 1987; Bauer 
1990; King and Mengden 1990; Hutchinson 1997). 

CAVE DEPOSITS 

Webbs Cave 

Webbs Cave (6N 132; Western Australia; Figure 
1) is situated on the Hampton Tableland south of 
the Nullarbor Plain at 31 °46’S, 127°48'E, 

approximately 9.5 km north of Mundrabilla 
homestead. The entrance is an open, shallow 
sinkhole with abundant skeletal remains under 
overhangs. Passages go to small chambers with 
bones and speleothems; these chambers are 
ultimately terminated by roof collapse (Lundelius 
1963; E. L. Lundelius field notes. May 1964; 
Vertebrate Paleontology Laboratory, Texas Natural 
Science Center, The University of Texas at Austin). 
Sixteen species of fossil mammals were recorded 
from the cave by Baynes (1987). 

On top of a large collapse-boulder in the entrance 
sinkhole are many years of bone and sediment 
accumulation, and it is here that E. L. Lundelius 
recovered a Sarcophilus (Tasmanian devil) 
premolar in 1955 and conducted excavations in 
1964. Bulk samples of bones and sediments were 
removed from five depth intervals. These were 
originally recorded in inches as 0-3, 3-6, 6-9, 9-12, 
and 12-15 inches below surface but are here treated 
as their metric equivalents of 0-7.5, 7.5-15.0, 15.0- 
23.0, 23.0-30.5, 30.5-38.0 cm, respectively. All 
sieved residue, charcoal, and bones are curated at 
the Texas Memorial Museum, Vertebrate 
Paleontology Laboratory, The University of Texas 
at Austin (TMM). 

The principal agents of bone accumulation in the 
Nullarbor and Hampton Tableland caves were Tyto 
alba , T. novaehollandiae (masked owl) and Falco 
cenchroides (Australian kestrel; Baynes 1987). 
Lizard remains were common throughout the 
Webbs Cave sedimentary deposit. Two pygopod 
dentaries were recovered from the 15.0-23.0 cm and 
30.5-38.0 cm intervals. Charcoal from the 15.0-23.0 
cm interval produced an AMS radiocarbon 
intercept age of Cal BP 4,160 (Beta-214963), and 
represents a mid-Holocene record. With an 
assumption of a constant deposition rate, the 
skeletal remains in the undated 30.5-38.0 cm 
interval would be approximately 5,200 years old. 

Wombat Cave 

Wombat Cave (5N 264) is located approximately 
42 km west of Koonalda on the Hampton Tableland 
in western-most South Australia (Figure 1). This 
small cavern has a low arched roof and three 
entrances, each with an associated debris cone. The 



Figure 1 Map of Western Australia and adjacent 
regions showing the locations of Webbs and 
Wombat caves from which mid-Holocene 
Pygopus sp. lizard remains were collected. 
Heavy line represents the coastline position 
during the full glacial low-stand sea level 
(adapted from Dortch 1996). 

basal edges of the debris cones are buried by 
reddish-brown silt of unknown age. The reddish- 
brown silt continues to a depth of about 92 cm 
(originally determined as 36 inches). Lasiorhinus 
latifrons (southern hairy-nosed wombat) dug 
extensively into this silt layer. Abruptly below the 
reddish-brown silt is a brighter red sand and clay 
unit (that shows no sign of wombat burrowing or 
bioturbation) containing limestone boulders and 
skeletal remains (E. L. Lundelius field notes, May 
1964). Lizard remains, including one pygopod 
specimen, were recovered from 92-106 cm below 
surface, in the lower red sand and clay unit. The 
pygopod specimen from this lower unit is clearly 
not modern based on stratigraphic placement. The 
actual age is not known but is presumed to be from 
the Holocene, if not late Pleistocene. Clearly more 
work is needed in this cave. All fossils recovered by 
E. L. Lundelius in 1964 are curated in TMM. 

Pygopod remains 

Relatively few publications specifically address 
the osteology of pygopodid lizards. General aspects 
of skeletal morphology were discussed by Camp 
(1923; Lialis ; Pygopus ), Stokely (1947; Aprasia), 
Parker (1956; Aprasia ), Underwood (1957; Aprasia, 
Delma, Lialis, Pygopus) and Moffat (1973; Aprasia, 
Dolma, Lialis, Pletholax, Pygopus). Pectoral and 
pelvic girdle morphology were discussed by 
Furbringer (1870; Lialis, Pygopus), Cope (1892; 
Pygopus) and Stephenson (1962; Aprasia, Delma, 
Lialis, Pletholax, Pygopus). General features of the 
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skull were noted by Kinghorn (1926) and Bellairs 
and Kamal (1981); more extensive coverage of 
particular taxa was provided by Jensen (1901; 
Aprasia), Kinghorn (1923; Aprasia ), Broom (1935; 
Pygopus), McDowell and Bogert (1954; Aprasia, 
Delma, Lialis, Pygopus), Stephenson (1962; Aprasia, 
Delma, Lialis, Pletholax, Pygopus ) and Rieppel 
(1984b; Aprasia, Pletholax, Pygopus ). Detailed 
description of mandibular morphology was 
summarized by Hutchinson (1997). Additional 
published osteological data sets include vertebral 
morphology (Etheridge 1967; Hoffstetter and Gasc 
1969), scleral ring formulae (Underwood 1970; 
Aprasia, Delma, Lialis, and Pygopus), and the 
detailed information on specific anatomical regions 
of the skeleton provided by Kluge (1976, 1987), 
Rieppel (1984a), and Lee (1998) as part of their 
phylogenetic studies of the group. 

Our analysis of the pygopodid fossil remains is 
based primarily on published descriptions by 
Hutchinson (1997) and comparisons made with 
modern skeletal material. Identifications are based 
on morphological characters observed on modern 
specimens; an apomorphy-based approach was not 
possible because sufficiently detailed analyses of 
isolated skeletal elements of all pygopodids and 
their outgroups have yet to be conducted, and 
adequate skeletal collections of Australian 
gekkotans are lacking. Possible apomorphies are 
identified, and are combined with characters (the 
apomorphic status of which is not confirmed) that 
appear to exclude referral to one or other pygopod 
taxa. This approach permits referral to genus for all 
fossils considered here. We made no attempt to 
identify specimens to the species level. 


Webbs Cave 

One right dentary (TMM 41209-964; 15.0-23.0 cm 
interval) and one left dentary (TMM 41209-965; 
30.5-38.0 cm interval) were recovered (Figure 2A, 
B). Both are complete and have the same 
osteological features. The groove for the Meckelian 
cartilage is completely enclosed by bone (a 
universal feature within gekkonoids, but also 
present in all dibamids and xantusiids, and variably 
present within gymnophthalmids, scincids, many 
non-acrodont iguanian groups and some 
amphisbaenians (Greer 1970; MacLean 1974; Gans 
1978; Estes et al. 1988; Etheridge and de Queiroz 
1988; Bell et al. 2003). The angular process of each 
dentary is near-complete and positioned well 
posterior of the coronoid. The intramandibular 
septum is not extended posteriorly. The fossils do 
not belong to Aprasia, Ophidiocephalus, or 
Pletholax because the anterior contact for the 
splenial is ventral to the four posterior-most tooth 
positions. Loci for up to 15 teeth are present. The 
teeth are robust and each has an apical groove (see 
discussion in Sumida and Murphy 1987 and 
Hutchinson 1997). The posterior edge of the tooth 
row is raised dorsally to meet a high coronoid, a 
character found only in Pygopus, Teeth decrease in 
size and robustness from mesial to distal position. 
These features (possible apomorphies) on the two 
dentaries indicate that they belong to Pygopus. 

Wombat Cave 

A posterior fragment of a right dentary (TMM 
41374-1 Figure 2C) was recovered from the red sand 
and clay unit at 92-106 cm below surface. The 
angular process of the dentary is near-complete and 



Figure 2 Pygopodid dentaries from mid-Holocene cave deposits. A, Pygopus sp., right dentary (TMM 41209-964) 
from the 15.0-23.0 cm level (Cal BP 4,120) and B, Pygopus sp., left dentary (TMM 41209-965) from the 30.5- 
38.0 cm level in Webbs Cave, WA. C, posterior fragment of a Pygopus sp. right dentary (TMM 41374-1) from 
the red sand and clay unit at 92-106 cm level in Wombat Cave, SA. Scale equals 1 mm. 
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extends well posterior to the coronoid. The 
intramandibular septum is not extended post¬ 
eriorly. The fragment contains tooth loci for seven 
teeth (excluding referral to Aprasia). The splenial is 
not present but its articulation area is evident and 
shows that it probably separated the prearticular 
from the dentary (thus excluding referral to 
Aprasia, Ophidiocephalus or Pletholax ); this feature 
is found in Delma, Pygopus and Pa rad elm a. The 
anterior position of the splenial contact on the 
dentary is ventral to the four posterior-most tooth 
positions, and thus the specimen cannot represent 
Aprasia , Ophidiocephalus, or Pletholax , but is 
consistent with that condition found in Delma, 
Pygopus and Lialis. Although the posterodorsal 
area is somewhat damaged on TMM 41374-1, it 
shows the contact placements for both the labial and 
lingual projections of the coronoid to be at different 
elevations in the bone (versus the same elevation 
found on Delma and Paradelma). Tooth crowns are 
simple with blunt-pointed, slightly grooved apices, 
and are not recurved as found on Lialis. This 
combination of characters suggests that the 
specimen is a species of Pygopus. 

DISCUSSION 

The pygopods are a distinctive element of the 
modern lizard fauna in Australia. A phylogenetic 
analysis of pygopods based on mitochondrial DNA, 
nuclear DNA, and morphological data led Jennings et 
al. (2003) to support earlier studies that indicated that 
speciation of mesic-adapted biotas in the southeastern 
and southwestern corners of the continent occurred 
largely within those geographic regions between 23 
and 12 million years ago as opposed to repeated 
dispersals between the regions. However, it is not 
clear whether or not dispersals occurred during cyclic 
changes from glacial to interglacial regimes of the 
latest Pliocene and throughout the Pleistocene. Cave 
sites along the greater Hampton Tableland (such as 
Webbs and Wombat caves; see others in Baynes 1987) 
and nearby Nullarbor Plain are positioned to record 
east-west dispersals (if they occurred) through these 
climatic cycles. The requirement of a detailed 
chronology for most of these sites has yet to be 
attained. 

Pygopus was identified from Webbs and 
Wombat caves on the Hampton Tableland dating 
to Cal BP 4,160 (and possibly earlier at Wombat 
Cave). Species of pygopods living in the region 
today include Aprasia inaurita, Lialis burtonis, 
Pygopus lepidopodus (likely at the caves today) 
and P. nigriceps (Storr et al. 1990; Wilson and 
Swan 2003). Based on the known living fauna, and 
the mid-Holocene age of the remains, it is 
predictable that some species of Pygopus would 
be recovered from deposits within Webbs and 
Wombat caves. 


The distance from the coast mostly determines the 
amount of rainfall on the Hampton Tableland and 
Nullarbor Plain, which in turn, controls the 
distribution of vegetation. The three vegetation 
zones recognized along the region are a mallee 
scrub zone located nearest to the coast, arid scrub, 
and a treeless plain found furthest from the coast 
(Martin 1973). During the mid-Holocene, vegetation 
patterns of the Nullarbor were broadly similar to 
those of today, suggesting that the climate of these 
times was not substantially different. Prior analysis 
of the recovered pollen from late Quaternary 
Madura Cave sediments (located 65 km south and 
west of Webbs Cave) provides a direct vegetation 
community reconstruction for the Nullarbor Plain 
(Martin 1973). We apply the results of that pollen 
analysis from Madura Cave to Webbs and Wombat 
caves because of their close proximity and roughly 
equal distance from the coastline. 

Today Webbs and Wombat caves are about 35 km 
from the coastline. During glacial maximum, the 
coastline was approximately 160 km south of its 
present position along the Hampton Tableland and 
Nullarbor south of these caves. With the rise of sea 
level after the 18,000-15,000 yr B.P. low-stand, the 
coastline moved closer to the caves. The period 
between 9,000 and 4,000 yr B.P. was one of dramatic 
changes in the vegetation mainly in response to an 
increase in rainfall, and therefore, an increase in the 
mallee (eucalypt Myrtaceae) scrub community. 
After that time, the mallee scrub cover declined in 
abundance, followed by development of the arid 
scrub to treeless plain seen in the region today 
(Martin 1973). 

Pygopus was differentiated and established in 
Australia by the Miocene (Hutchinson 1997); 
however, we do not know when Pygopus moved 
into the region around Webbs and Wombat caves. 
Our data document that they were present, if not 
established, by approximately 4,200 years ago. Both 
F. lepidopodus and P. nigriceps live today in the 
greater Nullarbor and nearby desert areas in mainly 
low shrubland with sandy soils (Storr et ah 1990; 
Wilson and Swan 2003). 

CONCLUSIONS 

It is interesting that only three dentaries of 
pygopods were identified from the thousands of 
bones recovered from both Webbs and Wombat 
caves. At the generic level, the mid-Holocene fossils 
are logical discoveries. The recovery of any 
pygopod remains is significant because all remains 
help reconstruct the timing for the development of 
the community mosaic that occurs today. Based on 
this scant and preliminary record, it appears that at 
least Pygopus inhabited the communities outside 
the caves, as they do today, by the middle to late 
Holocene. 
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It is apparent from our studies that a precise, 
isotopic-based chronology for each of the caves that 
contain fossil vertebrates is a prerequisite to truly 
understand the establishment of modern squamate 
community mosaics. Although this as yet has not 
been systematically implemented, it is beginning to 
be put into practice (see Prideaux et aJ. 2007a,b). 
Additional Pleistocene deposits with lizard remains 
are needed to assess the development of the current 
biotic communities and how the faunas responded 
to changing climate regimes and other influential 
factors. Not all paleontological deposits were 
screened through mesh sieves small enough (less 
than 500 pm) to recover isolated hones of small 
lizards. The use of micro-mesh screens is now a 
consistent practice at select excavations. The ability 
to reconstruct the development of the modern 
lizard communities and the community mosaic 
changes through time for Western and South 
Australia largely are dependant on the capability to 
identify accurately the recovered fossils. Ideally the 
identifications should be based on apomorphies, 
hut that approach requires an extensive collecting 
and research program geared towards that goal. An 
important first step is an adequate comparative 
collection of articulated and disarticulated 
skeletons, and an appreciation of ontogenetic, 
sexual and individual variation within each species. 
Only with such a collection can palaeontologists 
begin to discover apomorphies in the anatomical 
systems (i.e. specific disarticulated skeletal 
elements) that we typically find preserved in the 
fossil record. Comprehensive skeletal comparative 
collections and descriptions now are beginning to 
be produced at the Western Australian Museum 
and exist at the South Australian Museum. Cranial 
osteology increasingly is being described for species 
of Australian lizards; and therefore, further 
discoveries are expected as the fossil specimens are 
compared with the known modern morphologies 
and described apomorphies. 
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Abstract - Discoveries of new species of Australian squamates continue 
following explorations of remote regions, examination of large series of taxa 
that differ subtly and through genetic techniques. Here vve describe a new 
species of Lucasium from the southern deserts of Western Australia and South 
Australia. Lucasium bungabinna sp. nov. differs from congeners by 
possessing relatively wide apical plates, a simple body pattern consisting of a 
pale vertebral stripe and lateral spotting, slightly more robust body and tail 
and nostiil in contact with rostral scale. 1 he new taxon occurs on the 
Bungalbin sand plain in Western Australia and the Yellahinna sand plain in 
South Australia, extending to the Eyre Peninsula. 


INTRODUCTION 

The Australian arid zone boasts the most diverse 
desert lizard fauna in the world (Pianka 1989). Local 
faunal assemblages can include 50 or more species, 
and the total number of species currently known tea 
inhabit desert and semidesert habitats (mean annual 
rainfall < 200 mm) is at least 270 (based on range 
maps in Wilson and Swan 2003). Even so, these 
numbers are an underestimate of the true diversity. 
Many of Australia's widespread lizard genera and 
species are likely to harbour as yet undescribed 
species (Donnellan et al. 1993), and many of the 
more successful lizard lineages in desert areas have 
still to be fully investigated for cryptic species. Such 
cryptic species can be detected by examining large 
series of preserved museum specimens in 
combination with genetic screens across large areas 
of the arid zone. 

The Australian diplodactylid genus Lucasium 
Wermuth 1965 is a group of small, terrestrial, 
desert-dwelling geckos, until recently mostly 
included in Diplodactylus Gray, 1832 (Bauer eta). 
1988; Storr et al 1990; Cogger 2000; Wilson and 
Swan 2003; Oliver et al. 2007). The species diversity 
in this genus (as the Diplodactvius stenodactvlus 
species-group) was recently examined by Pepper et 
ai. (2006), who showed that there was significant 
divergence in mitochondrial gene sequences among 
specimens identified phenoty pi call v as L. 
stenodactvlum (Bouienger, 1896). In both this and 
the later paper by Oliver et al. (2007), the "species" 
L. ste nodactyl uni was regarded as probably 
encompassing several species. 


Kluge (1967) long ago suggested that there was 
significant morphological variation in L. 
stenodactyhun. Elis "Population A" from Western 
Australia comprised specimens from the western 
deserts, including the type locality of L. 
stenodactvlum (Roebuck Bay off Broome), and 
includes specimens having numerous large and 
small lateral spots, and with variable expression of 
a pale vertebral stripe that forks on the neck to end 
over each eye. These animals have small but still 
distinct and possibly functional apical plates (or 
scansors), and a reduced phalangeal formula in the 
fourth finger (four instead of five phalanges). 
Kluge's "Population B" from central Australia 
(including a large series from Warburton) had a 
more distinct colour pattern, with fewer, sharp- 
edged lateral spots and the consistent presence of a 
strongly defined pale vertebral stripe. This form 
had variable (small to vestigial) apical plates and 
variable phalangeal counts in the fourth finger (four 
in the north, five in the south with both counts 
recorded in central Australia). Pepper et al. (2006) 
showed that the variation within /.. stenodactvlum 
is more complex than Kluge's simple dichotomy, 
with at least three species probably present within 
Kluge's Population B forms (designated "non- 
Pilbara", "Species 1" and "Species 2"). 

Species 2 specimens from the southern deserts of 
Western Australia and South Australia are 
distributed south of the geographic range of L. 
stenodactvlum of either of Kluge's forms (Kluge 
1967, fig. 10; Storr et al. 1990, figure p. 41; Figure 1), 
Molecular phylogenetic work also shows that 
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Species 2 is not closely related to other populations 
currently included in L. stenodactylum (Pepper et 
al 2006), but is instead closely related to another 
species of Lucasium, L. immaculatum (Storr, 1988) 
from western Queensland and eastern Northern 
Territory (Oliver et al. 2007). Unpublished allozyme 
results (S. Donnellan and M. Adams), also indicate 
that Species 2 is distinct from L. stenodactylum. 
These Lucasium populations have much larger 
terminal apical plates than any other population 
included under L. stenodactylum\, and differ subtly 
in colour and pattern. A revision of L. steno¬ 
dactylum is in preparation (P. Doughty, M. Pepper 
and J. S. Keogh, unpublished data), but the 
distinctiveness of Species 2 has enabled us to 
describe it herein as a new species. 


MATERIALS AND METHODS 

Specimens in the collections of the Western 
Australian Museum, Perth (WAM) and the South 
Australian Museum, Adelaide (SAMA) form the 
basis of this description. All specimens used in the 
molecular studies (allozymes or DNA sequences) 
were examined morphologically. Well-preserved 
specimens that conformed to the set of character 
states defined by these typed specimens and were 
from the same area were regarded as conspecific. 
Osteological characters of the skull were examined 
in two dry specimens prepared using bleach- 
assisted hand dissection. Phalangeal counts of the 
fourth finger were checked by peeling away the 
skin of the left fourth finger in several individuals. 
Specimens of the new species that are not the 


Table 1 Meristic characters and their abbreviations 
used in this study. 


SVL 

TrunkL 

TL 

TailW 

ArmL 

LegL 

HeadL 

HeadW 

HeadH 

OrbL 

NarEye 

SnEye 

EyeEar 

INar 

IO 

SupLab 

InfLab 

CreaseL 

IntNar 

AntSup 

PostNas 

NoiO 

NoSC 


RelLab 

Cspurs-L 

Cspurs-T 

MenL/W 


Snout-vent length 

Trunk length from axilla to groin 

Tail length of original tails 

Tail width at widest point on original tails 

Foreleg length from elbow to tip of 4 th finger 

Tibia length from upper surface of knee to 

tip of 4 th toe 

Head length from tip of snout to 

retroarticular process 

Head width at widest point 

Head height at highest point 

Orbit length from lower anterior to upper 

posterior corners 

Distance from naris to anterior corner of eye 

Distance from snout to anterior corner of eye 

Distance from posterior edge of eye to 

anterior margin of ear 

Internarial distance 

Interorbital width at centre of eyes 

Number of supralabial scales 

Number of infralabial scales 

Proportional length of the crease on rostral 

scale 

Presence or absence of minute internarial 
scale 

Number of anterior supranasals 

Number of postnasal scales 

Number of scales between centre of orbits 

Number of subcaudal scales from fracture 

plane to tip on original tails 

Relative height of D and 2 nd labial scales 

Average number of enlarged cloacal spurs 

Average total number of clocal spurs (small 

and large) 

Ratio of length/width of mental scale 
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holotype or paratypes as well as specimens of L. 
stenodactylum from the adjoining regions to the 
north in each state are given in the Appendix. 

Table I defines the meristic characters, and their 
abbreviations, used in this study. These 
measurements and scale counts are presented in 
table 2 for 42 specimens of Species 2 and 25 
specimens of the nearest populations of /.. 
stenodactylum from Western Australian and South 
Australia. We also calculated the following ratios: 
TrunkL/SVL, ArmL/SVL, LegL/SVL, HeadL/SVL, 
H e a d W / S V L, H e a d H / S V L a n d Tail I % S V L. 
Examination of the raw data indicated no violations 
of assumptions of parametric tests; therefore, tests 
were carried out on untransformed data. We tested 
whether there were differences in SVL according to 
sex and taxon with a 2-way ANOVA. For the 
following variables, we used 2-wav ANCOVAs to 
test for sex and taxon, using SVL as a covariate: 
TrunkL, l ailL, ArmL, LegL, \ lead I , 1 lead W, 
Head 11, NoIO and NoSC. For all statistical tests, 
interaction and covariates we're deleted from 
models when P> 0.05. 

Taxonomy 

Family Diplodactylidae Underwood 1954 
Lucasium Wermuth 1965 

Lucasium Wermuth 1965: x, 100. 

Type species 

Lucasium damaeum Wermuth 1965, by 
monotypy. 

Remarks 

We follow the expanded concept of Lucasium 
outlined in Oliver et al. (2007) as a genus of the 
Diplodactylidae (sensu Han et al. 2004) 
distinguished from all Australian diplodactylids 
but Diplodactylus and Rhynchoedura by having 
both lateral and medial pairs of cloacal bones 
present. Distinguished from Diplodactylus and 
Rhynchoedura Gunther, 1867 by the reduced or 
vestigial jugal and medial expansion of the 
suborbital portion of the maxilla. Further 
distinguished from Diplodactylus by low numbers 
of preanal spinose scales (generally 2-5), presence 
of preanal pores (usually one left and one right) in 
males (absent in L. maini [Kluge, 1962a]) and by 
more gracile, elongate proportions of the body, 
limbs and tail; fourth toe of hind foot 
approximately seven times as long as wide, tail 
narrow and moderate to long (80% to 110% of 
SVL). Further distinguished from Rhynchoedura 
by lower presacra I vertebral count (mode 26 
versus mode 27), more robust skull, absence of 
beak-like projecting mental and rostral scales and 
absence of enlarged preanal pore scales (Greer 
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1989). The new species shares all of the diagnostic 
features of the genus. 

Lucasium bungabinna sp. nov. 

Southern Sandplain Gecko 
Figures 2-4 

"Diplodactylus species 2”: Pepper et al 2006: 542 

"Diplodactylus stenodactylus": Bush et al. 2007: 
115. 

Material examined 

Holotype 

Australia: Western Australia: WAM R166888. An 
adult male from 16 km northeast of Bungalbin Hill 
at 30° 17’40"S, 119 o 44’50"E. Collected by D. Robinson 
on 7 April 2007. 

Paratypes 

Australia: Western Australia: (all in WAM): 
R121955 (M) and R121956 (M) - Bungalbin Hill, 
30 42’S, 119°38'E; R126400 (\1), R126405 (M) - 
Bungalbin Sandplain, 30°17'S, 119°45'E; R151202 
(M, genotyped) - 20 km E Sandstone, 27°59 , S, 

119 30'E; R147385 (F), R155409 (F), R155410 (F) and 
R15541-2 (F) - 7-8 km WNW Point Salvation, 
28 12'S, 123 3AL; R155413 (M) and R155417 (VI) - 
7-8 km WNW Point Salvation, 28°14'S, 123°36'E. 

Australia: South Australia: (all in SAMA): 
R56597(M) - Ketchalbv Rock Hole, 32°39'3L’S / 
134°59'28"E; R59368 (M)'- 22.5 km NW Maralinga, 
30°01'16' , S, 131°24'32"E; R59774 (M) - 2.9 km NE of 
Yarrawie Downs H/S, 32°52 ! 33”S, 135° 13T8 M E; 
R60342 (F) - 152 km W Oak Valley, 29°32’28"S, 
129°06T6”E; R61197 (F) - 6 km SE Pidinga Tank, 
Take Ifould, 30°53'43’'S, 132°10'0rE; R61310 (M) - 
8.2 km NNW Oak Hill, 32°08'3rS, 134°20 , 36"E; 
Re 1443 (F) - 9 km NNW Uwarra, 31°53'08"S, 
133°18 , 25 ,, E; R62250 (M) - adj Anne Beadell Hwy at 
Serpentine Lakes, 28 C 20'25''S, ]29°00'50'’E; R62265 
(F) - adj Anne Beadell Hwy at Serpentine Lakes, 
28°29'57"S, 129°02’29"E; R62338 (F) - Anne Beadell 
Hwy, 47 km W Vokes Hill corner, 28°32'22"S, 
130 08'5 VT. 

Diagnosis 

A moderately large Lucasium distinguished from 
other members of the genus by the unique 
combination of its relatively large apical plates 
(apical plate pair slightly wider than finger; apical 
plate length more than twice that of claw in ventral 
view; Figure 2B); rostral bordering the nostril, 
separating anterior supranasal from first supra labia I 
(Figure 2A); consistent presence of a well-defined 
vertebral stripe (Figures 3 and 4); relatively simple 
pattern of lateral spotting; digit undersides with a 
median series of enlarged, mostly single, subdigital 
scales (Figure 2B). 
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Table 2 Summaries of characters and ratios measured for Lucasium stenodactyhim and L. bungabirma sp. nov. 

Mean±S.D. (range). Sample sizes are listed in column headings, unless noted for individual characters below. 
See Table 1 for abbreviations. SVL was tested with a 2-way ANOVA. 2-way ANCOVAs (factors - species and 
sex, covariate - SVL) were carried out (see text for explanation) and reported in the last column. All species X 
sex interaction terms were not significant with alpha - 0.05. Key: NS - not significant: P > 0.05, * P < 0.05, ** P 
< 0.01, *** P < 0.001, **** P < 0.0001. 


Character 

L. stenodactylum 

N = 42 

L. bungabinna sp. nov. 

N = 25 

Statistics 

SVL 

Female (N 12): 

Female (N = 11): 

Spp.-F ]64 = 4.500“ 


54.5±5.8 

51.5±2.6 

Sex - Fj o4 = 7.46P’ 


(41.0-62.5) 

(47.0-56.0) 



Males (N = 30): 

Males (N = 14): 



51.0+3.9 

49.0±4.7 



(45.0-59.5) 

(40.0-58.0) 


TrunkL 

Female (N = 12): 

Female (N = ll): 

SPP--F^ = 0.395 NH 


25.9±3.0 

24.0+1.9 

Sex -F 1M = 11.027“ 


(19.3-30.4) 

(20.7-27.0) 

SVL-F )( ., = 183.492““ 


Males (N = 30): 

Males (N = 14): 



22.5±2.5 

22.0±2.8 



(17.4-27.1) 

(18.0-25.9) 


TailL 

45.4±5.6 

38.2±5.1 

Spp. - F u? - 12.526*“ 


(32.0-55.0) 

(32M9) 

Sex - F n „ = 0.951 NS 


N = 22 

N = 19 

SVL - F, , ;7 = 37.698““ 

TailW 

6.1 ±0.9 

4.2±0.9 

Spp. -F,** 44.201"“ 


(4.6-8.1) 

(3.0-5.4) 

Sex - F nft = 0.858 NS 


N =22 

N = 20 

SVL - F U8 = 36.017““ 

ArmL 

11.6±1.0 

10.6±0.9 

Spp. - F ih3 = 26.751““ 


(8.5-13.3) 

(8.1-12.0) 

Sex - F 161 -— 0.559 NS 



SVL - F I; .., = 109.608““ 

LegL 

15.4±1.3 

14.0±1.0 

Spp. - F 1jM - 34.545““ 

(11.0-18.2) 

(11.0-15.5) 

Sex - F 16] - 0.066 NS 


N = 41 

N = 24 

SVL - V m = 117.862™ 

HeadL 

Female (N = 12): 

Female (N = 11): 

Spp. - F 16 , = 3. 319 v ' 


14.0±1.5 

13.1±0.5 

Sex-F 16 , = 4.034* 


(10.1-15.7) 

(12.2-13.9) 

SVL-F 162 = 246.283"“ 


Males (N = 29): 

Males (N = 14): 



13.6±0.9 

12.9±1.2 



(11.9-15.4) 

(10.0-15.2) 


HeadW 

Female (N = 12): 

Female (N = 11): 

SPP--F,«= 15-288" 


9.7±1»2 

8.4±0.5 

Sex - F, 67 = 4.480* 


(7.6-11.7) 

(7.3-9.0) 

SVL - F, ^ - 103.616"“ 


Males (N = 29): 

Males (N = 14): 



9.3±0.7 

8.6±0.9 



(8.0-11.0) 

(7.2-10.3) 


HeadH 

6.3±0.6 

6.0±0.5 

Spp. -F w , = 0.678“ 


(5.1-7.8) 

(4.5-6.9) 

Sex - Fj 6() = 0.932 NS 


N= 40 

N = 24 

SVL - F U() = 93.771*“’ 

NoIO 

38±2 

37+2 

Spp. - F, 6 , * 3.541 NS 


(33-44) 

(33-41) 

Sex - F lh , = 1.439 xs 


N = 41 


SVL - F }62 = 0.499 NS 

NoSC 

147+14 

163±42 

Spp.-F, 3 , = 3.775“ 


(116-168) 

(115-222) 

Sex - F n , = 0.004 NS 


N = 22 

N = 20 

SVL - F, 3g = 0.108 Nb 

OrhL 

3.7±0.4 

3.8±0.4 



(2.6-4.6) 

(3.0-4.9) 



N =40 

N = 24 


NarEye 

3.9+04 

5.0+0.4 



(3.4-5.1) 

(3.1-4.5) 



N =41 

N =23 
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Character 

L. stenodactylum 

N = 42 

L. bungabinna sp. nov. 

" N = 25 

SnF-'ve 

5.4 ±0.5 

5.0+0,4 


(4.5-6.8) 

(4.1-5.7) 


N = 41 

X 24 

EveEar 

4.740.4 

4.5±0.4 


(3.7 0.0) 

( 4.0 8.4) 


\ 41 

X * 24 

INar 

1.6+0.1 

1.6+0.1 


(1.3-1.9) 

(1.2 1.8.) 


N =41 

N =23 

IO 

4.S/.0.4 

4..5+0.3 


{4.0-5.8) 

(3.9-5.1) 


N = 41 

N =24 

SupLab 

11.0+1.1 

11.2+0.9 


(9-14) 

(10-13) 

inti ab 

11.7+1.1 

12.3+1.0 


(104 2) 

(10-14) 

CreaseL 

0.39±0.13 

0.35+0.31 


(0-0.75) 

(0-0.5) 

IntNar 

4/42 

1/24 

AntSup 

4.4±0.5 

4.7+0.6 


(4-5) 

(4-6) 

N = 24 

PostNas 

2.5±0.6 

2.5+0.7 


(2-4) 

(2-4) 

N= 24 

CS-Large 

1,4±0.5 

1.5+0.5 


0-3) 

(1-2) 


N = 30 

X = 14 

CS-Total 

1.7±0.6 

1.9+1.1 


(1-3) 

(1-5) 


N = 30 

N = 14 

MenL/VV 

1.1 ±0.2 

1.2+0.2 


(0.8-1.6) 

(1.0-1.6) 

1 rtinkl SVI 

0.45+0.03 

0.46+0.03 


(0.37-0,53) 

(0.41-0.51) 

ArmL/SVL 

0.22 44.01 

0.21+0.01 


(0.21-0.24) 

(0.18-0.24) 

LegL/SVL 

0.30±0.01 

0.28+0.02 


(0,26-0.32) 

(0.24-0.31) 


N - 41 

N -24 

TaiLoSVL 

86.8+5.4 

76.1+9.8 


(78.0 103.3) 

(59.6-95.6) 


\ 22 

N » 21 

Head!./SVI. 

0.26+0.01 

0.26+0.01 


(0.24-0.29) 

X 4: 

40.24-0.18) 

I leadW/SVL 

0.18+0.01 

0.17+0,01 


(0.16-43.20) 

\ i; 

CO. 14-0,19) 

I leadl 1/5VL 

0.12+0.01 

0.12+0.01 


(fi 10-0.14) 

(0.1 (.3-0.14) 


N = 40 

X = 21 


Statistics 
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Figure 2 Details of scalation of the snout region and the undersurface of the digits (fourth digit of pes shown) in 
Lucasium bungabinna sp. nov. (holotype, WAM R166888). 


Description 

Table 2 presents a morphological summary. Body 
and head moderately robust with slender limbs. 
Tail short to medium length (78-103% SVL) and 
slender to moderately thick. Head moderately 
robust with large eyes. Snout projecting and 
rounded at tip. Canthus rounded with loreal region 
moderately shallow (Figure 2A). Labial scales 
enlarged relative to adjacent scales; 1st supralabial 
slightly taller than 2nd. Nostril surrounded by 
rostral, anterior supranasal, supranasal, 2-3 
(occasionally 4) postnasals and first supralabial 
(Figure 2A). Internasal rarely present and rostral 
crease averaged about half the height of the scale. 
Mental scale only slightly longer than wide. Ear 
opening small and round to D-shaped (rounded 
side posterior). 

Body scales small, slightly rounded and 
homogeneous. In males, 1-2 (rarely 3) large cloaca! 
scales with occasionally smaller scales at the base. 
All males have 2 preanal pores. Females have 


enlarged scales where cloacal spurs and preanal 
pores appear in males, but the 'spurs' do not project 
and the enlarged scales where the preanal pores are 
located are not perforated (presumably non¬ 
functional). Scales on the underside of the post- 
clocal sac greatly enlarged and flat. Scales on tail 
enlarged towards base of tail and arranged in 
transverse rows; tip terminating sharply. 

Paired subdigital apical plates moderately wide 
(Figure 2B), total width across pads noticeably 
greater than width of the digit when viewed 
dorsally. Claw only moderately long and projecting. 
Scales on back of digits tend to project towards tips. 
Subdigital lamellae enlarged relative to adjacent 
scales (Figure 2B), enlarged rounded scales continue 
to palmar and plantar surfaces. 

Skeleton 

Jugal very small (length of jugal less than half of 
the distance between the lacrimal foramen and 
posterior tip of the maxilla) to rudimentary (minute 
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Figure 3 Specimens of Lucasium bungabinna sp. nov. in life. (A) holotype adult male (WAM R166888) from 
Bungalbin, photo B. Maryan; (B) paratype adult female (SAMA R61197) from the vicinity of Lake Ifould, SA, 
photo P. Oliver. 


ossification lying next to the posterior tip of the 
maxilla; cf. Oliver et al. 2007, figure 4G). Fourth 
finger of manus has five phalanges. 

Colour 

In preservative, light to medium tan dorsally. 
Immaculate, straw-coloured vertebral stripe always 
present, prominent and continuous, with straight or 
only slightly irregular margins. From base of tail, 
stripe runs anteriorly to the neck where it 
bifurcates, continuing as a pale stripe forward to 
each eye. Outer edge of dorsal stripe sometimes 
merging with adjacent background colour, but 
usually narrowly edged by a slightly darker shade 
of the background colour. Inner margins of the 
bifurcate region on the nape and occiput often 
irregular, but always defining an inverted triangle 


of dorsal background colour. On original tails, 
margin of the dorsal stripe generally much more 
irregular and sometimes broken into discontinuous, 
wavy-edged blotches. Lateral surfaces of body with 
small pale spots, centred on 3-6 scales but with 
blurred edges, the light colour graduating to the 
darker background colour. Often with some larger 
spots (centres covering 10-15 scales) dorsolaterally, 
but these also blending with the background colour. 
Paravertebrally positioned spots sometimes 
connected to the vertebral stripe via short lines of 
pale colour. Prominent pale canthal stripe runs 
from each orbit across the naris to top of the rostral. 
Limbs somewhat paler in colour than the dorsum 
and lightly patterned with small pale dots; hind 
limb often with a darker zone on the trailing edge 
of the thigh. Ventral surfaces creamy white. 
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Figure 4 Specimens of Lucasium bungabinna sp. nov. showing the range of variation seen in dorsal pattern. From L- 
R: WAM R155417, WAM R126405, WAM R121956, SAMA R62265, SAMA R61197 and SAMA R56597. 


In life, little different from colour in preservative 
(cf. Figures 3 and 4). Essentially just two dorsal 
colour tones; a medium sand-brown dorsal colour 
marked with pale beige dorsal stripe and lateral 
spots. Underside pure white. 

Measurements (mm) and scale counts (holotype): 
SVL - 41, TrunkL - 16.9, TL - 36, TailW - 4.4, ArmL 
- 10.1, LegL - 12.7, HeadL - 11.1, HeadW - 7.5, 
HeadH - 5.7, OrbL - 3.1, NarEye - 3.1, SnEye - 4.3, 
EyeEar - 3.6, INar - 1.3, IO - 3.8, SupLab - 10, 
InfLab -10, CreaseL - 1/2, IntNar - 0, AntSup - 4, 
PostNas - 3, RelLab - 1>2, Cspurs-L - 1, Cspurs-T - 
2, MenL/W -1.0. 

Distribution 

This species has been found in sandy desert 
terrain in the southern interior of Western Australia 
and South Australia. In Western Australia, west to 
just east of Sandstone (28°S; 119°E), south and east 
through the Yamama-Lake Yeo area (27.5°S; 124°E), 
then skirting the northern edges of the Nullarbor 
Plain (ca. 27-28°S) into South Australia. In South 
Australia, from the Maralinga area (27°S; 130°E) 
southeast to the vicinity of Wirrulla at the top of the 
Eyre Peninsula (33°S; 135°E) (Figure 1). Distribution 
largely occupies the Bungalbin and Yellabinna land 
systems bordering the southern edge of the Great 
Victoria Desert. 

Variation 

Colour variation shows some local minor 
individual variation, but relatively little 
geographic variation (Figure 4). In some specimens 
the dorsal colour is intense only adjacent to the 


vertebral stripe, and fades laterally so that the 
flanks are very pale. This results in low contrast 
between small lateral spots and background 
colour. Most individuals showing this pattern of 
variation are from the more westerly parts of the 
range. A second pattern of variation has the lateral 
spots tending to coalesce with their neighbours, 
forming longitudinally or transversely-oriented 
irregular blotches of lighter colouring. This 
merging of pale markings also occurs on the legs, 
forming vague reticulations or longitudinal 
stripes. Such specimens can occur throughout the 
species' range, and can resemble some patterns 
seen in the L. stenodactylum complex. Two 
specimens from the eastern part of the range 
(SAMA R56595, R56597; Figure 4) have a very 
subdued pattern, in which the contrast between 
the spots, stripes and background colour is low, so 
that the dorsal stripe contrasts poorly with the 
adjacent dorsal colour, and the bifurcation on the 
nape is scarcely visible. This low-contrast variation 
is similar to that seen in some specimens of L. 
immaculatum. One specimen, WAM R126397 
differed in having the rostral excluded from 
nostril, but in other respects (colour, toe 
morphology) is typical of L. bungabinna. 

Comparisons with other species 

Lucasium bungabinna sp. nov. is distinguished 
from sympatric/parapatric congeners L. damaeum 
Lucas and Frost, 1896, L. maini, L. squarrosum 
(Kluge, 1962b) and the L. stenodactylum complex 
by having obvious terminal apical plates (slightly 
wider than toe tip). In addition, most L. maini and 
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L. squarrosum and many L. damaeum have the 
vertebral stripe broken into a ragged series of 
blotches and have a U-shaped area of pale colour 
on the crown and occiput, narrowly separated from 
the dorsal pale stripe or blotches. Some populations 
of the L. stenodactylum complex lack an obvious 
pale vertebral stripe or series of blotches (e.g., many 
Pilbara specimens). Most L. squarrosum are further 
distinguished by having dorsal body scales larger 
and more projecting than the lateral and 
ventral scales, while in many populations assigned 
to the L. stenodactylum complex the rostral is 
excluded from the nostril by contact between the 
anterior supranasal and first supralabial. 
Distinguished from the allopatric but closely related 
L. immaculatum by rostral in contact with the 
nostril, pale lateral spots not tending to align 
transversely and somewhat smaller apical plates. 
Lucasium bungabinna is distinguished from the 
remaining species in Lucasium, L. alboguttatum, L. 
byrnei (Lucas and Frost, 1896), L. occultum (King, 
Braithwaite and Wombey, 1982), L. steindachneri 
(Boulenger, 1885) and L. wombeyi (Storr, 1978), by 
its colour pattern including a continuous, 
immaculate vertebral stripe that divides on the nape 
to end at each eye. 

Lucasium bungabinna overlaps geographically 
with species of the superficially similar 
Diplodactylus vittatus complex, which have large 
terminal apical plates and a colour pattern 
including a strong pale dorsal stripe, but are 
coloured in buff, grey brown and blackish, have a 
much shorter, somewhat thickened tail and more 
numerous postanal spinous scales (5 or more). 

Etymology 

The specific epithet has been coined by combining 
the names of the Bungalbin sandplain (WA) and 
Yellabinna Dunefield (SA; Copley and Kemper 
1992), the land systems from which almost all 
specimens of L. bungabinna have been collected. 
We treat the name as a noun in apposition. 

Remarks 

Lucasium bungabinna is found in sandy desert 
terrain with a variety of overstorey species, usually 
mallee (Eucalyptus spp.), but also Allocasuarina , 
Callitris and (more rarely) Acacia, with equally 
variable understorey ( Triodia , chenopods). It is 
known to hide by day in holes, including lycosid 
spider burrows (MNH pers. obs.), and is active 
entirely at night. Encounters with the species at 
night indicate that it still climbs to a small extent, 
specimens having been observed perched in low 
chenopods (Oliver et al. 2008) and sheltering in 
spinifex clumps (B. Maryan pers. obs.). Evidently, 
the relatively enlarged apical plates allow for some 
climbing abililty not observed in other Lucasium 
species. 
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The distribution of L. bungabinna suggests a 
species that has adapted to sandy, low-rainfall 
areas, but also that some factor prevents its 
expansion northwards through the Great Victoria 
Desert proper. The collections of the WA and SA 
Museums reveal that this distributional pattern is 
shared with several other reptile species, including 
Diporiphora linga Houston, 1977, D. reginae 
Glauert, 1959, Delma petersoni Shea, 1991, 
Nephrurus stellatus Storr, 1968 and Neelaps 
bimaculatus (Dumeril, Bibron and Dumeril, 1854). 

Lucasium bungabinna is closely related to L. 
immaculatum (Oliver et al. 2007). The two species 
are similar in colour and pattern, and in having 
relatively large apical plates. The two species are 
widely allopatric, however, separated by 
approximately 1,000 km across the Lake Eyre Basin. 
This region is occupied by at least two major 
lineages of the L. stenodactylum complex (Pepper 
et ah 2006 and unpublished data), which are 
evidently able to inhabit broadly similar landforms 
but occupy areas with distinctly more arid 
conditions than experienced by either L. 
bungabinna or L. immaculatum. 

It is worth noting that in spite of their mostly 
terrestrial habits, species of Lucasium appear to rely 
for daytime shelter mainly on the burrows of other 
organisms (Bustard 1970; Pianka 1989; Storr et al. 
1990). Unlike many reptile species that inhabit 
sandy deserts and make their own burrows, no 
species of Lucasium has been confirmed as making 
its own burrow under field conditions. The only 
likely exception to this is L. damaeum, which has 
completely lost apical plates and is certainly able to 
burrow actively in sand under captive conditions 
(MNH pers. obs.), although it also uses ready-made 
burrows when the opportunity arises (e.g., of the 
agamid Ctenophorus pictus [Peters, 1866]; Bustard 
1970) or in spider burrows, MNH, pers. obs.). 
Apical plate loss and active burrowing may be 
related, in that active burrowing would be expected 
to abrade and damage the delicate surface 
architecture (Tian et al. 2006) of gecko apical plates. 
Species such as L. bungabinna and L. immaculatum, 
as well as other Lucasium with obvious apical 
plates, like L. alboguttatum (Werner, 1919) and L. 
byrnei, would therefore be unlikely to burrow 
actively and would be expected to be restricted to 
occupying previously excavated burrows or other 
retreats. It is tempting to speculate that L. 
bungabinna and L. immaculatum, with their lesser 
reduction of apical plates and peripheral 
distributions, represent an early radiation of 
Lucasium that has been replaced in central 
Australia by relatives that have become more 
specialised morphologically and physiologically for 
life in sandy deserts. 

Work in progress by ourselves and colleagues (M. 
Pepper, J. S. Keogh, P. Oliver) aims to further refine 
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our understanding of species boundaries within 
Lucasium, with the main focus being on 
populations that remain classified as L. 
stenodactylum. 
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APPENDIX 

Specimens examined. 


Lucasium bungabinna sp. nov. 

WA specimens (WAM): R126393 (M), R126399 
(M) and R126407 (M) - Bungalbin Sandplain, 
30°17'S, 119°45 T E; R151203 (M) - 20 km E Sandstone, 
27°59'S, 119°30'E; R155402-4 (M), R155407 (F) and 
WAM R155412 (F) - 7-8 km WNW Point Salvation, 
28°14'S, 123°36'E. 

SA Specimens (SAMA): R32162 (F) - 8 km SW 
Maralinga, 30 o 12'35"S, 131°31 , 15 ,, E; R56595(M) - 
Ketchalby Rock Hole, 32°39'31 ,, S, 134°59 , 28 M E; 
R58448(M) - 17.9 km ENE Wombat Flat, 33°19'37 M S, 
135°18 , 37"E; R59369 (M) - 22.5 km NW Maralinga, 
30°01'16"S, 131°24'32"E; R61140-1 (M) and R61142 
(F) - 8.7 km ESE Pidinga Tank, Lake Ifould, 
30 o 53'14"S, 132°12'03"E; R61198 (M) - 6 km SE 
Pidinga Tank, Lake Ifould, 30°53'43"S, 132°10’01"E; 
R61311 (M) - 8.2 km NNW Oak Hill, 32 o 08'31 M S, 
134°20'36"E; R62337 (M) - Anne Beadell Hwy, 47 
km W Vokes Hill corner, 28°32 , 22 n S, 130°08'53 ,, E. 

L. bungabinna examined for skull and mandible 
characteristics: SAMA R15013, WAM R147384. 


Lucasium stenodactylum 

WA specimens (WAM): R108803 (F) - 19 km NE 
Sandfire, 19°42'S, 121°14'E; R110591-2 (M) - Tanami 
Desert, 19°53’21"S, 128 0 51’36"E; R110615 (F) - 
Tanami Desert, 19°53'59 ,, S, 128°49 , 37 ,, E; R127163 
(M) - Nifty Mine, 21°40'S, 121°35'E; R145077 (M) - 
27 o 03'07", 125°09'21"; R157732 (M) - Tanami Desert, 
19°34 , 46"S, 128°52'05"E; R157945 (F) and R157946-7 
(M) - Lake Disappointment, 23 0 17'54"S, 

122°42'06"E; R157948 (F) - Lake Disappointment, 
23°14'03"S, 122°42'05"E; R157950 (F) - Lake 
Disappointment, 23°21 , 07 ,, S, 122°40 , 00"E. 

SA specimens (SAMA): R48940 (M) - 6.4 km SE 
Stonewall Dam, Andamooka Station, 30°44'28"S, 
137°20'28"E; R57910 (F) - 59 km WNW Emu, 
28°32 T 12"S, 131°36'24"E; R58973 (F) - 47.4 km W Oak 
Valley, 29°30’31"S, 130°15 , 18"E; R59337 (M) - 41 km 
WNW Maralinga, 29°53 , 47"S, 131°16 , 45"E; R59431 
(M) - 61.5 km NW Maralinga, 29 0 48'19"S, 
131°09’21 , E; R59482 (M), R59484, (F) - 67.1 km 
NNW Maralinga, 29°43 , 57"S, 131°05 , 09 ,, E; R61053 
(F) - 58.1 km W Blowout trig, 29°47’53"S, 
132°48 , 44"E; R61057 (M) - 50.6 km W Blowout trig, 
29°45'41"S, 132°53 , 09 , ’E; R61074 (F) - 59 km NW 
Blowout trig, 29°25 , 09"S, 132° 54'30"E; R61097 (M) - 
70 km WNW Blowout trig, 29°23’25", 132°47 , 38 ,, E; 
R61775 (F) - 16 km SW Observatory Hill, 
29 o 06’31"S, 131°57T1"E. 
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Abstract - Baudin's Cockatoo (Culyptorhvnchus baudinii) is a large, iconic, 
forest cockatoo, endemic to the south-west corner of Western Australia and 
currently listed as endangered. It has suffered a substantial decline in 
numbers in the past 50 years. Direct causes of population decline include 
large numbers shot by orchardists, fragmentation of habitat and the impact of 
hollow competitors. In this paper we provide details of distribution, status, 
habitat preferences, breeding, social organisation, migration and movements, 
roost sites and diet. We also include observations on the relationships 
between birds at two large autumn-winter roost sites, eight kilometres apart 
in the Perth hills. The conservation of this cockatoo provides a challenge for 
the future especially in reducing its major threats. We recommend future 
monitoring of major roosts in order to determine population trends and to 
measure progress in conservation efforts. 


INTRODUCTION 

Two species of white-tailed black cockatoo - 
Baudin's Cockatoo (Calyptorhynchus baudinii Lear, 
1832) and Carnaby's Cockatoo (C latirostris 
Carnaby, 1948) - are endemic to the south-west of 
Western Australia (Johnstone and Storr 1998). They 
form a very distinctive part of the avifauna, with 
their conspicuous, often large flocks and raucous 
behaviour. 

The two species can he extremely difficult to 
separate, even for experienced observers, and were 
only recognised as separate species in 1979 
(Saunders 1979). Bill size and shape and calls are 
the most reliable means of identification. Baudin's 
Cockatoo has the bill or culmen more laterally 
compressed than in Carnaby's with the upper 
mandible significantly longer and finer (i.e. with the 
tip tapering well beyond the lower mandible when 
closed) (Campbell and Saunders 1976) (Figure 1). 
Baudin's Cockatoo also has a much shorter 
"whicha-whicha" contact cal! compared to the 
longer "wee-looo wee-looo" of Carnaby's. Due to 
the great similarity between the two species many 
of the historical observational records and indeed 
even much of the recent literature is misleading 
because of the high degree of error in identifying 
the two species. 

Both species have suffered a substantial decline in 
numbers and breeding distribution in the past 50 
years (Johnstone and Storr 1998). The ability of both 
species to exploit resources provided bv humans, 


especially in apple, pear, persimmon and nut 
orchards and pine plantations, and their habit of 
forming large feeding flocks, has in the past brought 
them into conflict with orchardists and foresters 
(Long 1985; Chapman 2007). Direct causes of 
population decline include the large numbers shot 
by orchardists (mainly with Baudin's Cockatoo), 
clearing and fragmentation of habitat (especially the 
loss of breeding hollows) and the impact of hollow 
competitors including the Galah ( Cacatua 
roseicapilla), corellas including Butler's Core!la 
(Cacatua pastinator butleri), Australian Shelduck 
(Tadoma tadornoides), Australian Wood Duck 
(Chenonetta juhata), the feral European honey bee 
(Apis niellifera) and also vehicle strikes. Illegal 
shooting of Baudin's Cockatoos still continues in 
parts of the south-west (DEC 2008) and with its low 
reproduction rate (0.6 chick per year or everv two 
years) this cockatoo can not replace large numbers 
shot by orchardists. Around 90",, of the original 
vegetation in the south-west region has been 
cleared tor agriculture (crops), meat production, 
dairying, orchards, vineyards, pine plantations, 
mining, wood chipping, cities and towns. At 
present extensive tracts of uncleared land only 
remain in forest reserves and nature reserves and 
what is left of remnant vegetation (e.g. in roadside 
verges) is often disturbed. I he south-west region is 
now a severely fragmented landscape and the 
further loss' of foraging habitat, the lack of suitable 
breeding sites, climate change and competition with 
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Male Baudin's Cockatoo 


Female Baudin's Cockatoo 



Male Carnaby's Cockatoo 


Female Carnaby's Cockatoo 


Figure 1 Bill shape of Baudin's Cockatoo Calyptorhynchus baudinii (top) and Carnaby's Cockatoo Calyptorhynchus 
latirostris (bottom). 




exotic species all exacerbate the future conservation 
of Baudin's Cockatoo in the south-west region. 
Recent studies (Johnstone and Kirkby 2007) have 
revealed the devastating impact feral honeybees are 
having on cockatoos and other hollow-nesting 
birds in this region. 

While there has been a considerable amount of 
study carried out on Carnaby's Cockatoo since the 
1960s (e.g. Saunders 1974, 1980, 1990), very few 
studies have been conducted on the forest- 
inhabiting Baudin's Cockatoo. Baudin's Cockatoo 
is listed as Threatened (Endangered) under 
Schedule 1 of the Western Australian Wildlife 
Conservation Act 1950, and as Vulnerable under 
the Commonwealth Environment Protection and 
Biodiversity Conservation Act 1999. Although 
listed as an endangered species, it is also a 


declared pest of agriculture because it damages 
commercial fruits, especially apples and pears 
(Chapman 2007). 

Over the past six years we have carried out 
extensive fieldwork throughout the south-west 
comer of Western Australia and the distribution, 
status, habitat requirements, feeding ecology, 
migration and movements, and details of roost sites 
and behaviour of Baudin's Cockatoo have been 
more clearly defined. 

METHODS 

From 2001 to 2007 we carried out field 
investigations throughout the south-west of 
Western Australia covering the entire range of 
Baudin's Cockatoo. Birds were located by stopping 
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at regular intervals to listen for calls and search for 
signs of feeding activity such as chewed nuts and 
evidence of grubbing for insects (including torn-off 
bark and grublines on tree trunks). Birds were also 
recorded opportunistically. We also recorded the 
number and activities of all birds sighted, i.e. 
feeding, flight direction and breeding calls. The 
locality of all sightings was made with a GPS unit 
and the date, time of day and habitat details were 
also noted (including forest type, e.g. Karri 
(Eucalyptus diversicolor), jarrah ( Eucalyptus 
marginata) / Marri ( Corymbia ca Sophy I la), Wandoo 
(E. wandoo) and Banksia woodlands). Flock sizes 
recorded within two hours after first daylight and 
before dusk were compared with flock sizes 
recorded at other times of the day using a Wilcox on 
Rank Sums Test because the data did not meet the 
assumptions of a parametric test. 

Other sources of historical and contemporary 
information on Baudin's Cockatoo were also 
extracted from the Storr-Johnstone Bird Data Bank, 
from specimens held in the Western Australian 
Museum and observations from the Cockatoo Care 
program (a joint initiative of the Water Corporation 
and the Western Australian Museum). 

A number of roost sites used during the 
autumn-winter non-breeding season were located 
and monitored including roosts at Gidgegannup, 
Chid low, Parkerville, M undaring. The Lakes, 
Mahogany Creek, Kalamunda, Pickering Brook, 
Kelmscott, Role vs tone (Araluen), Bedford ale 
(Wungong Dam), Gleneagle, By ford, Mundijong, 
Jarrahdale, Sullivan Rock, Serpentine 11 ills, 
Pipehead Dam, North Dandalup, Bannister, 
Lesley, Karragullen, Dwelling up, Crossman and 
Collie. Most roost sites were located by following 
the birds returning to the roost in the evening or 
by listening for the calls of large numbers of birds 
at dawn on windless mornings when their high- 
pitched calls travel greater distances. Birds were 
counted at roosts by locating a good position in 
the flight-path, e.g., on a road, track or open area 
that birds will cross, preferably with an open 
skyline. Counts were made at dawn and dusk 
which involved recording, where possible, the 
pairs, family groups and small flocks as they 
departed or returned. Some counts were 
considered accurate to within a few birds when 
they returned to roost in small family groups and 
others were estimates if hirds departed or 
returned en masse. The presence of Carnaby's 
Cockatoos at some of these roosts was taken into 
consideration when estimating totals, especially 
at some of the larger roosts such as Wungong and 
Araluen, where at times up to 200 Carnaby's 
Cockatoos were present. We used photographs at 
a number of sites to obtain accurate counts of 
individuals. 

At the Wungong roost we also noted details of 
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roost trees including species, height (measured with 
a Suunto clinometer), diameter at breast height 
(DB11) and the distance between trees. 

In 2005-2006 detailed observations were made of 
the relationship between the birds of two roost sites 
eight kilometres apart in the Canning (Araluen) and 
Wungong valleys. Notes on food, daily foraging 
distance and overlap of foraging ranges for the two 
flocks were recorded. Observations of flock 
movements and diet changes coincident with the 
seasonal ripening of some fruits (e.g. apples, pears, 
and persimmons) and the nutting cycle of the Marri 
were also made. 


RESULTS AND DISCUSSION 
Distribution 

Figure 2 shows the distribution of Baudin's 
Cockatoo based on our observations and reliable 
historic records. This cockatoo is confined to the 
south-western humid and subhum id zones (areas 
with average rainfall of 600 mm or more). It ranges 
north to Gidgegannup and Hoddy Well and east to 
Clack line, Wundowie, the lower Darkin River, 
Boyagin Rock, Wandering, Williams, Kojonup and 
the King River also west to the eastern strip of the 
Swan Coastal Plain including West Midland, 
Armadale, By ford, Mundijong, Serpentine, North 
Dandalup and further west to the coast at Lake 
Clifton, Australind, Bunbury, Bussefton, Duns- 
borough, Leeuwin-Naturaliste National Park and 
Augusta, also the Stirling and Porongurup Ranges 
and east along the south coast to Waychinicup 
National Park. 

Status 

Depending on their region of origin, Baudin's 
Cockatoo is a resident, a postnuptial nomad and 
migrant, with the bulk of the population largely 
vacating the coldest parts of their range (i.e. the 
Karri forest block) in the autumn and migrating 
northwards or with a strong tendency to wander 
from the interior towards the coast, but also in a 
few places resident in small numbers (e.g., 
Manjimup and the Leeuwin-Naturaliste ridge). 
Migrations and movements including visits 
between March and September from the deep 
south-west to the central and northern Darling 
Range (e.g. Collie, Samson Brook, Crossman, 
Bannister, North Dandalup hills area, Serpentine- 
Jar rahdale area, Wungong Valiev, Araluen, 
Mundaring, Chid low ) and adjacent far east of the 
Swan Coastal Plain (e.g. Maid a Vale, Kelmscott, 
Armadale, Bvford, Mundijong, Serpentine, North 
Dandalup and further west to Lake Clifton, 
Bunbury, ( a pel, Busselton and Dunsborough). 
Baudin's Cockatoo is gregarious and is usually seen 
in family groups and small flocks. 
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Baudin's Cockatoo's relative abundance ranges 
from scarce to moderately common: it is most 
numerous in the deep south-west during the spring 
breeding season, September-December and in the 
northern Darling Range during autumn April- 
August. It is usually observed in small flocks (up to 
30) occasionally in larger flocks (up to 50) or 
aggregations (up to 1,200) at drinking sites or 
roosts. Based on our recent surveys and roost 
counts, we estimate the total population to be 
15,000 birds. 

Habitat 

Baudin's Cockatoo's are mainly found in eucalypt 
forests, especially Jarrah-Marri, also Karri forest, 
less frequently in woodlands of Wandoo, Blackbutt 
(Eucalyptus patens ), Flooded Gum (Eucalyptus 
rudis), Yate (Eucalyptus cornuta), partly cleared 
farmlands and urban areas including roadside trees 
and house gardens. This cockatoo forages at all 
levels of the forest from the canopy to the ground, 
often feeding in the understorey on proteaceous 


trees and shrubs, especially Banksia, and in 
orchards both in trees and on dropped or fallen 
fruit on the ground. 

Breeding 

There is very little breeding information and the 
breeding biology of this species remains poorly- 
known. We have recorded breeding in deep south¬ 
west, north to the Whicher Range and Lowden and 
also an isolated record at Serpentine (hills area) and 
east to Kojonup and near Albany. They nest in 
large, mostly vertical, hollows of Karri, Marri and 
Wandoo. Baudin's Cockatoos display strong pair 
bonds, are monogamous and probably mate for life. 
The pair stay together all year round except when 
the female is incubating and brooding. Both adults 
play a part in selecting the nest hollow, but only the 
female is responsible for renovation and preparing 
the hollow for breeding. Preparation of the hollow 
consisted of chewing around the entrance of the 
hollow and down one part of the interior wall. 
Males have been recorded making the breeding call 
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Figure 3 Map of south-west Western Australia showing migration and movements of Baudin's Cockatoo, main 
wintering range and Araluen and Wungong study roost sites (see Figure 6). 


and displaying to females in most months, but this 
behaviour is more frequent in August, September 
and October. Pairs have also been recorded 
prospecting for hollows in most months and also 
outside the breeding range. Egg laying is recorded 
in August, September, October, November and 
December. The clutch size is 1-2, incubation lasts 
for about 29 days and only the female incubates 
and broods. 

Social organisation, flocking and movements 

Following breeding the birds leave the nesting 
areas and family groups then amalgamate to form 
larger foraging docks. The flocks begin to arrive at 
non-breeding traditional roosts in the central and 
northern parts of the Darling Scarp (from about 
Collie north to Mundaring) in earlv Febmarv and 


March. The largest groups (> 600) were recorded 
between April and September with some foraging 
out onto the southern Swan Coastal Plain to areas 
such as Kelmscott, Mundijong, Serpentine, Pinjarra, 
Harvey, Myalup, Bunbury, Capel, Tutunup, 
Busselton, Dunsborough and Meelup. judging from 
our recent surveys for the groups of birds that have 
spent the non-breeding season in the Perth hills 
districts, there appears to be a definite shift 
westward onto the southern Swan Coastal Plain, 
just prior to the flocks moving south to breed. 

This shift begins in mid-August and flocks of up 
to 200 birds have been recorded in August- 
September, at Armadale, Byford, Mundijong, 
Kevsbrook, Serpentine, North Dancialup, Waroona 
and Yarloop. At this time some of the groups also 
formed roost sites at the western edge of the scarp 
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Baudin's Monthly Counts 
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Figure 4 Highest monthly counts of Baudin's Cockatoo at roost study sites for the past ten years. 


(Kelmscott 2006-2007) or out onto the coastal plain 
(Mundijong 2006-2007). 

By mid-October most birds are either back in their 
breeding quarters, or heading there, and in 
breeding condition. For example, in 2006 on 17 
October a flock of over 200 was observed near 
Frankland feeding on Storksbill (.Erodium spp.) and 
Marri seed. On 22 October several breeding pairs 
were observed near Walpole, with males feeding 
females and one female entering and remaining in a 
nest hollow. On the same day, 10-12 pairs with 
displaying males were recorded near Lake Muir. 
On 23 October a flock of over 300 (mostly in pairs 
and family groups) with many males giving the 
breeding call and displaying to females was 
observed near Bridgetown. Most of this latter flock 
left what appeared to be a resting site in tall Lemon- 
scented Gums at about 09:30, and although some 
pairs remained in the vicinity a large loose 
aggregation (most of the flock) appeared to be still 
moving southwards. Also on 9 October, a flock of 
250 was observed feeding on Storksbill on the Vasse 
Highway near Nannup and on 20 October a flock of 
200 was observed 3 km south of Nannup feeding on 
Storksbill. 

Also noteworthy is that two flocks were recorded 
near Williams, a flock of 16 flying south with males 
making the breeding call on 20 October 2004, and a 
flock of 21 was flying east on 17 October 2006. 
These records are of interest as Baudin's Cockatoo 
is generally not recorded in the Williams area and 
these birds were most likely migrating back to their 
breeding sites. 


Roost sites and daily routine 

A number of roost sites used by Baudin's 
Cockatoo during the winter non-breeding season 
have been located and some of these monitored for 
over ten years. Of these, the larger northern roosts 
seem to be used on a yearly basis including 
Gidgegannup, Piesse Brook, Nganguring, Mund- 
aring (Weir Road), Araluen, Wungong, North 
Dandalup (Myara Road) and Serpentine. For 
example the Piesse Brook roost has been used every 
year for at least 21 years and the Wungong roost for 
at least the past 12 years. Other smaller roost sites 
up to 8 km away from the main roosts are also used 
on occasions, presumably when foraging distances 
from the main roost become too great. Most roost 
sites are in tall emergent eucalypts (especially 
smooth-barked exotic eucalypts) or Blackbutt (see 
Table 1), often near watercourses and in sheltered 
gullies. Trees used for roosting need to be a certain 
height, have a canopy with enough leaves to shield 
the cockatoos from the elements and possibly help 
them retain body heat. What makes cockatoos 
discriminate between suitable and unsuitable roost 
sites is of interest because some roosts have very 
different characteristics including geographic 
location, position in landscape, tree type, tree 
height, canopy density, surrounding vegetation and 
distance to drinking and foraging sites. The 
majority of roosts comprise a fairly large stand of 
tall trees, with a dense canopy and situated close to 
permanent water. The Wungong roost is one of the 
few roost sites in natural vegetation namely, 
Blackbutt (64 trees), Wandoo (18 trees), Flooded 
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Table 1 Location of roost sites. 


Location 

Max 

number 

counted 

Date 

recorded 

Roost tree species 
and site 

Waterford Road 

Gidgegannup 

450 

June 2004 

Smooth-barked exotic eucalypts along 
creek line. 

Rosed ale Road 

Chid low 

300 

June 2004 

Smooth-harked exotic eucalypts along 
creek line. 

Roland Road 

Pa rkervi lie 

300 

June 2004 

Smooth-barked exotic eucalypts near creekline. 

Stoneville Road 

Mundaring 

550 

June 2006 

Smooth-barked exotic eucalypts. Flooded Gum 
near creek. 

Nganguring Road 

The Lakes 

370 

June 2006 

Wandoo 

Margaret Road 

Mahogany Creek 

300 

June 2004 

Smooth-barked exotic eucalypts near creek line. 

Mundaring Weir Road 

Mundaring 

450 

May 2003 

Smooth-harked exotic eucalypt near creekline. 

Aldersyde Road 

Kalamunda 

315 

April 2006 

Flooded Gum along creek line 

Canning Road 

Pickering Brook 

80 

July 2003 

Flooded Gum along creekline 

River Road 

Kelmscott 

200 

September 2005 

Smooth-barked exotic eucalypts. Flooded Gum 
along river. 

Lady McNess Drive, 
Araluen 

Roley stone 

800 

June 2006 

Smooth-barked exotic eucalypts near creekline. 

Albany Highway 

Armadale 

200 

September 2003 

Smooth-harked exotic eucalypt near creekline. 

Admiral Road, 
Wungong 

Bed ford ale 

680 

August 1998 

Blackbutt, Flooded Gum, Wandoo, Marri along 
creekline. 

North I odd Road 

Gieneagie 

250 

July 2005 

Blackbutt along creekline. 

I odd Road 

Glen eagle 

400 

May 2004 

Blackbutt along creekline. 

South Todd Road 

Gieneagie 

300 

May 2004 

Blackbutt along creekline. 

Admiral Road 

By ford 

30 

Mav 2006 

Smooth-barked exotic eucalypt 

Kiernan Street 

Mundijong 

190 

October 2006 

Smooth-barked exotic eucalypts near creekline. 

Jarrahdale Road 

Jarrahdale 

200 

August 2004 

Blackbutt along creekline 

Goorolong 

Jarrahdale 

200 

March 2007 

Blackbutt along creekline 

Millars Log Road 

Sullivan Rock 

120 

August 2003 

Plantation. Smooth-barked eucalypts 

Scarp Road 

Serpentine Hills 

184 

May 2006 

Bullich along creekline 

Scarp Road 

Pipehead Dam 

450 

May 2004 

Flooded Gum along creekline 

Myara Road 

North Dandalup 

400 

August 2005 

Bullich along creekline 

Bannister Hill 

Bannister 

200 

August 2006 

Wandoo near creekline 

Brookton Highway 

Lesley 

150 

December 2004 

Plantation. Smooth-barked eucalypts 

Canning Road 

Karragullen 

50 

September 2004 

Plantation. Smooth-barked eucalypts. 

Nanga Road 

Dwellingup 

40 

August 2006 

Flooded Gum 

11 of ham River 

Crossman 

150 

October 2003 

Flooded Gum along river 

Crossman Road 

Crossman 

300 

July 2003 

Flooded Gum 

Lvails Mil! 

Collie area 

! 10 

August 2006 

Plantation. Smooth-barked eucalypts along 
creekline. 


Gum (5 trees), and Marri (5 trees), a total of 92 trees. 
The trees range in height from 14-29 m (average 
20.38 m) and of the 92 trees, 26 are heavily used and 
are concentrated in the centre of the roost and as 
numbers of birds increase the other 66 trees in the 
outer sections of the roost become occupied. The 
largest flocks recorded at roost sites in the non¬ 
breeding season include 800 at Araluen on 18 June 
2006 and 680 at Wungong on 27 August 1998 (Table 
1 ). 

The daily routine of birds at the Araluen roost in 
Canning Valley and Wungong roost in Wungong 
Valley have been studied in detail for the past ten 
years, t he Araluen roost is in smooth-barked exotic 
eucalypts along a creek and the Wungong roost is 
in mainly Blackbutt and Wancioo (Figure 5) at the 
edge of a creek. Both roosts are in valleys that 
provide some protection from prevailing weather. 


This is often needed as the birds roost as 
individuals (about 30 cm or more apart) in the 
outermost thin branches of the canopy, often among 
a dump of dense leaves, and generally in situations 
that would appear to be affected by strong winds. 

It is noteworthy that Carnaby's Cockatoo also 
roosts in a similar fashion to Baud in's Cockatoo 
which is very different to that of Red-tailed Black 
Cockatoos (Calyptorhynchus banksii naso) that 
roost side-by-side in family groups and on thick, 
protected perches under the canopy of tall trees. 

Birds begin calling from the roost well before 
sunrise, e.g. birds were calling as early as 06:00 hrs 
when dawn-twilight was at 06:12 and sunrise was 
06:36. The earliest calls of the day are the begging 
calls of juveniles and immatures. Usually just after 
dawn-twilight period, any small groups that roost 
away from the main flock come into the main roost 
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Figure 5 Wungong roost site (Blackbutt). Myara Road roost site (Bullich). 


area to join the others and call frequently. After 
departing the main roost, the birds in the Araluen 
group usually congregate in dead trees along the 
adjacent Croyden Road in what we term pre- or 
post-roost sites. These sites are either in dead trees 
or dead limbs of live trees that project beyond the 
canopy of the surrounding forest. Although there is 
suitable feeding habitat (including stands of Marri 
trees that the birds could presumably forage in near 
the Araluen roost), this flock rarely remains near 
the roost for more than one hour. In contrast, the 
Wungong flock sometimes remains in the valley 
feeding until mid-morning. As an example, in one 
day's foraging in May along the Wungong Valley 
(west of the roost), the flock of ca 450 left the roost 
at 06:55 hrs and by 08:05 had moved a distance of 
3.5 km which was the limit from the roost that day. 
While moving west the flock had short stops along 
the way to preen, socialise and forage on grubs and 
seeds from Marri and the seeds of Dryandra 
praemorsa. Many remained at these feeding areas 
and the total flock size at the site 3.5 km from the 
roost was reduced to about 250 birds. 

Sometimes this group also feeds in and around 
the Persimmon orchards along the Albany 
Highway, Bedfordale (3.2 km north of roost). At 
these times they also take approximately one hour 


to cover this distance, feeding, preening and 
socialising along the way. It is unusual for this 
group to be recorded more than 4.5 km from the 
roost site. When foraging to the east in June 2004 
and May 2005 this flock formed a 'new roost' (roost 
2) in Blackbutt along the valley of 31 Mile Brook. 
From this roost, the group was then observed to 
leave at dawn and forage along a path, taking them 
still further east. This group later formed two other 
roosts further south along the valley. The greatest 
distance this flock moved before forming a 'new 
roost' was 5 km. After forming these roosts in 2004, 
only half of the group later returned to the main 
roost in Wungong Valley before departing to breed; 
in 2005 all had returned within a month. 

At times, the flock from the Araluen roost feed on 
apples in the orchards in the Karragullen area. The 
orchards are 4.5 km north of the roost and the first 
birds fly mainly over Jarrah/Marri forest and arrive 
between 30-60 minutes after dawn. For example, a 
flock of 600 birds arrived to feed on rotting apples 
in the orchards along Elizabeth Street, Karragullen 
at 07:40 (dawn 06:49) in May 2006. The first birds of 
a flock of 460 arrived at 07:50 (dawn 06:49) in July 
2007. Sixty birds from the Araluen roost were 
recorded feeding on Marri seeds along Canning 
Road 7.7 km from the roost in July 2005, two hours 
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Figure 6 Sightings of Baudin's Cockatoos from Araluen Roost (■) and Wungong Roost (#). 


after dawn. A small roost (ca. 40 birds) located in 
plantation timber in this area may be a satellite 
roost formed by these Araluen birds. The Araluen 
group also formed a roost of ca. 200 birds in very 
tall smooth-barked exotic eucalypts along River 
Road, Kelmscott in late August 2005. This roost is 8 
km from the main roost and from here the group 
foraged out onto the coastal plain in the suburbs up 
to a distance of ca. 3 km feeding mainly on Marri 
seeds and nectar from Callistemon spp. 

Away from roost sites, the largest groups 
recorded are usually within the first two hours of 
daylight, or in the two hours before dusk, as flocks 
commonly break into smaller family groups then 
aggregate into larger flocks later in the day, 
approximately two hours before dusk, when 
returning to roost sites. It was found that the size of 
groups and individuals recorded (away from roost 


sites) during these periods were almost double that 
for the rest of the day. 

Average group size in the two hours after dawn 
combined with the two hours before dusk was 64.5 
(Std error = 3.9, n = 7 16 observations) and for the 
rest of the day the average was 33.9 (Std error = 2.6, 
n = 400). Flock sizes within two hours of dawn and 
dusk varied significantly from flock sizes at other 
times of the day (z= -4.31, d.f. = 1,1115, P < 0.0001). 
The largest count at the dawn and dusk period was 
1200 birds with 29 counts of flocks over 350. The 
largest flock recorded outside this period was 350 
with only 13 counts of flock sizes of 200 or larger. 

Throughout most of the day there are some birds 
in the flock feeding, however, there are also obvious 
periods of loafing, bill cleaning, preening, 
allopreening and socialising. During this period 
most of the juveniles begin to solicit food from 
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parents at the same time, begging persistently. Most 
feeding of juveniles occurs between dawn and 
midday and again later in the afternoon near 
roosting times. When feeding the chick, the parent 
bird begins by head bobbing with the juvenile 
crouched or positioned on the branch lower than 
the adult, then with bills interlocked (i.e. heads 
tilted in opposite directions) the heads are pumped 
up and down and the food transfer occurs. 

The birds at Karragullen have been observed 
returning to the roost at Araluen 4 km away 
between 25 and 90 minutes before sunset. Most 
birds stop to feed on Marri seed along the return 
journey and rarely arrive at the roost site until 
almost dark. One flock of 200 was noted travelling 
1.5 km in 25 minutes, with groups 'leapfrogging' 
and feeding on Marri seed as they headed back to 
the roost. There is no strict routine with birds 
sometimes flying into the roost in small family 
groups and at other times in loose aggregations up 
to 200. 

The Wungong flock sometimes remains in the 
Wungong Valley near the roost site for up to two 
and a half hours before moving any distance. On 
other occasions they will leave the roost area and 
valley before dawn. At dawn on some mornings, 
small flocks fly slowly up the valley, stopping to 
feed on Marri seed and, on other mornings, the 
entire flock erupts from the roost leaving en masse 
within a few minutes. This behaviour occurs at all 
roosts. On three occasions a Wedge-tailed Eagle 
(.Aquila audax) has been sighted at dawn near the 
roost site at Wungong, the entire flock of birds then 
rise as a tight group and circle, climbing higher and 
higher until the eagle had passed. Although 
foraging birds may return to the same trees to feed, 
they usually do not feed in the same tree for long 
periods. For example on 7 August 2007, 12 birds 
were observed searching for grubs in a dead Marri 
along a track in the Wungong area where they fed 
for approximately 30 minutes before moving 
further into the forest. A short time later another 
group of 15 birds moved into the same tree and 
commenced grubbing. Birds may also leave the 
roost and forage in one direction for a few days 
before heading off in another direction a day or so 
later. It is noted that this Wungong group, and the 
Araluen group, very rarely move south from the 
roosts to forage in forested areas in the Canning 
and Wungong catchments. The foraging range of 
the Araluen flock (up to 800 birds) includes Jarrah/ 
Marri forest, road verges, reserves, orchards and 
suburban gardens covering an area of ca 70 km 2 . 

Birds often congregate to drink at habitual sites 
before moving to the roost area. We have recorded 
Baudin's Cockatoos drinking from large catchment 
dams, farm dams, troughs, open creeks in 
paddocks, well vegetated and overgrown creeks in 
forests, roadside pools and pools on gravel tracks. 


water in tree hollows, claypans, swampy paddocks, 
granite outcrops, garden fountains and ponds. 
Drinking has been observed at various times 
throughout the day, but most records are from birds 
leaving or returning to roost sites. 

Although the vast majority of birds at these non¬ 
breeding roost sites leave and return to the roost 
sites together and in the same direction (i.e. head 
north at dawn and return from the north at dusk), 
small groups are sometimes noted leaving and 
returning in other directions. At times the flock 
from Piesse Brook will forage in a generally 
southern direction but small groups also forage to 
the west towards Kalamunda. This seems typical of 
most groups. 

Although it seems improbable that the foraging 
ranges of these winter groups do not overlap, from 
53 roost counts the group from Araluen has only 
been recorded heading to or from the direction of 
the Wungong roost (south) on one occasion. In fact 
the opposite is the case with the group usually 
heading generally north while the direction of the 
Wungong roost is south. However, in August 2003, 
a group of 110 birds and, in May 2004, a group of 
up to 150 birds known to originate from the 
Araluen roost were foraging in the Churchmans 
Brook area. This is approximately midway between 
the Araluen and the Wungong roosts and birds 
from the Wungong area have been known to forage 
within one kilometre of this site. If birds do move 
between these winter roosts then it is at best 
Infrequent and irregular. It is also noted that the 
group from the Carmel roost have for the past two 
non-breeding seasons been recorded feeding on the 
seeds of Jacaranda. This introduced tree species is 
common within the foraging ranges of most of the 
winter roost sites of Baudin's Cockatoo north of 
Serpentine Hills yet this trait hasn't yet been 
recorded elsewhere. If these birds move between 
roosts or are in regular contact then it would seem 
reasonable to assume that this food source would 
have been exploited in other areas. 

Flock composition 

Counts made as birds returned to a roost site 
could sometimes be broken down into smaller 
family groups. From these counts we can gather 
limited data as to the composition of these non¬ 
breeding populations e.g. ratios of immatures/ 
juveniles in the total flock. Only counts as birds 
returned to roosts were used, as at other times, 
particularly in forested areas, breaking the groups 
into family units was considered inaccurate. 

From a total of 3,899 individuals we were able to 
count the following family groups: single birds - 
100, groups of two - 482, groups of three - 519, 
groups of four - 182 and groups of five - 110. 

The only groups that can be defined with 
reasonable certainty are the family groups of three 
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and four. Groups of three are male, female and 
juvenile/immature and groups of four are male, 
female, juvenile and what appears to be an 
immature from a previous breeding. Whatever the 
status of this fourth bird, it is almost certainly a 
non- breeder. Groups of five also contain an 
immature/juvenile bird. Single birds were probably 
birds separated from a mate or family group and 
made up only 2.5% of the total number of 
individuals counted. Pairs of birds could not be 
reliably counted as adult breeding pairs, as a 
proportion of these are assumed to be sub-adults 
that have paired off but have not yet bred, and some 
are probably older birds that are no longer 
breeding. From these figures, the minimum number 
of non-breeding immatures/juveniles in the total 
counts was 993 or 25.5%. Most of these counts were 
from the Wungong roost (1,644 individuals) and the 
Araluen roost (830 individuals). The minimum 
percentage of non-breeding birds from these roosts 
was 27% and 24% respectively. The minimum 
number of adult breeding birds was 1,622 or 41.5%. 
The minimum number of adult breeding birds from 
the Wungong (total number) and Araluen (total 
number) flocks was 740 (45%) and 315 (38.5%) 
respectively. 

Food 

Baudin's Cockatoo has been observed feeding on 
a wide range of foods including the seeds of 
Corymbia calophylla, Eucalyptus marginata, 
Allocasuarina fraseriana, Banksia grand is, B. 
quercifolia, B. littoral is, B. ilicifolia , Hakea 
erinacea, EL prostrata, H. stenocarpa, H. trifurcata, 
H. lasianthoides , EL rusci folia, H. lissocarpha, H. 
varia, H. crista ta, H. marginata, Dry and ra scssilis, 

D. squarrosa, D. praemorsa, Grevillea wilsonii, 
Xanthorrboea preissii, Kingia australis, Reedia 
spathacea, Pinus radiata, Erodium spp. (including 

E. botrys), Jacaranda spp., Macadamia spp., Pecan 
Carya illinoinensis, Apples Malus spp.. Pears 
Pyrus spp., Persimmons Diospyros spp. and 
Quercus spp.; nectar, buds and flowers of 
Corymbia calophylla, C. citriodora. Eucalyptus 
marginata, E. wandoo, Eucalyptus spp., Banksia 
grand is. Dry and ra scssilis, D. lindleyana, D. 
squarrosa, Darwinia citriodora and Callistemon 
spp. They also take insect larvae and insects 
(including beetle, wasp and moth larvae) from 
under bark and in wood of live and dead trees, 
from galls and from flower spikes of 
Xanthorrboea; the pith of Anigozanthos flax id us. 
The juice of ripe persimmons and the growing tips 
of Pinus spp. Overall Marri Corymbia calophylla 
is the primary food source with the birds using its 
seeds, flowers, nectar and buds. Also it appears 
that in years when the Marri fails to flower or 
flowers poorly are the years when damage by this 
cockatoo to cultivated fruits is most severe. 


Conservation 

The long-term survival of Baudin's Cockatoo is of 
increasing concern. Previously a very robust 
population, it appears to have declined greatly in 
the past 50 years (Johnstone and Storr 1998). Its low 
rate of reproduction (0.6 chick per year or every 
two years) precludes it from replacing the large 
numbers shot by orchardists and those lost through 
other causes such as habitat destruction. Over a 
quarter of its original habitat has been cleared. The 
future conservation of this forest cockatoo provides 
us with an immediate challenge in reducing its 
major threats, namely illegal shooting by 
orchardists, deaths caused by road strikes, loss of 
feeding and breeding habitat and the impact of nest 
competitors including the feral European honey 
bee. The current view is that as a result of these 
threats, this species is declining and threatened with 
extinction (DEC 2008) gives some urgency to the 
development of recovery and management plans. It 
is also crucial that research into its breeding 
biology, including migration and movements, 
threatening processes, food requirements and the 
size and health of breeding populations are 
undertaken. 

Conclusions 

Despite Baudin's Cockatoo being a large iconic 
forest cockatoo we still know very little about its 
breeding biology such as its breeding range, timing 
of nesting events, nest tree and nest hollow 
characteristics, clutch size, incubation period, 
fledging period and nesting success. Furthermore, 
there is an urgent need to clarify the habitat 
requirements and movements of both Baudin's and 
Carnaby's Cockatoos in many parts of the south¬ 
west. The movements of both of these cockatoos are 
no doubt dictated by food availability as controlled 
by climatic effects on habitat, and if this is the case, 
how do these birds co-ordinate their migrations 
accordingly? Judging from the historical data, there 
have been enormous changes in the distribution and 
status of both of these cockatoos in the past 50 
years. As the climate warms in the south-west, 
species that currently undergo extensive 
movements may either shorten their migration 
distance or even stop migrating and remain year 
round in certain rainfall zones. With a decrease in 
rainfall (which has occurred over the past 30 years), 
Baudin's Cockatoo could be expected to contract 
towards high rainfall zones in the south-west. On 
the other hand, we would expect the more-arid 
adapted Carnaby's Cockatoo to be contracting or 
extending its breeding range westwards and 
southwards and this shift appears to be happening 
(unpublished data). 

Further GIS study of roost sites would be 
valuable. Baudin's Cockatoos appear to have set 
foraging patterns that change based on the 
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availability and seasonality of resources and can 
range daily over about 6 km. Mapping the available 
resources within a 10 km radius and how far some 
of these flocks range to find food could have useful 
applications especially in areas with a mosaic of 
forest, agriculture (fruit growing) and urban 
landscapes. Further studies are now also required 
to determine the breeding distribution and to map 
and monitor important breeding, feeding and 
roosting sites throughout the south-west. 
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A new species of damselfish ( Pomacentrus: 
Pomacentridae) from western New Guinea 
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Abstract - Pomacentrus fakfakensis is described from 13 specimens, 17.7-57.0 
mm SL, collected at the southern Bird's Head Peninsula of western New Guin¬ 
ea (Irian Jaya Barat Province, Indonesia). It is distinguished from most similar 
species in the western Pacific by possessing 14 instead of 13 dorsal-fin spines. 
The only other drab-brown (when alive) Pomacentrus from the region with 
14 dorsal spines, P. opisthostigma and P. armillatus, are distinguished by dark 
markings (thin bar or wedge-shaped mark) on the pectoral-fin base as well as 
having fewer lateral-line scales (usually 15-17 versus 18-19), fewer pectoral 
rays (17 versus 18, occasionally 17) and more gill rakers on the first arch (26-29 
versus 19-21). The new species inhabits shallow reef flats around rock and 
coral outcrops, generally at depths less than about 8 m. 


INTRODUCTION 

Damselfishes of the genus Pomacentrus Lacepede, 
1802 are common inhabitants of coral reefs 
throughout the Indo-west and central Pacific Ocean. 
Allen (1991) recognized 54 species, but since then 
an additional 15 species have been described (Allen 
1992,1993,1995,1999, 2002, 2004; Randall 2002; Allen 
and Wright 2003; Allen and Randall 2004, 2005). It 
is the second largest genus in this major reef-fish 
family that contains approximately 360 species 
globally, being surpassed only by Chromis Cuvier, 
1814 with 86 species (Allen and Erdmann 2005). The 
majority (about 68%) of Pomacentrus are primarily 
distributed in the western and central Pacific region, 
with lesser representation in the Indian Ocean. The 
genus is particularly well represented in the diverse 
Indo-Australian Archipelago where approximately 
50 species are known to occur. 

The present paper describes a new species 
of Pomacentrus that was first collected during a 
Conservation International (Cl) marine biological 
survey of the southern portion of the Bird's Head 
Peninsula of western New Guinea (Figure 1) in 
April 2006. Three specimens were collected at 
Pulau Karawatu, a tiny islet of less than 1 km 2 
situated about 13 km from the New Guinea 
mainland. A return visit to this location in January 
2008 yielded eight additional specimens. Two 
specimens were also obtained from reefs of the 
northern Fakfak Peninsula on the same expedition. 
The fauna of western New Guinea (Papua Barat 
Province, Indonesia) is poorly documented, but 


recent investigations by Cl indicate a rich diversity 
of coral reef fishes including at least 1,407 species 
(unpublished data). 

MATERIALS AND METHODS 

Lengths of specimens are given as standard 
length (SL) measured from the anterior end of the 
upper lip to the base of the caudal fin (posterior 
edge of the hypural plate); head length (HL) is 
measured from the same anterior point to the 
posterior edge of the opercle flap; body depth is the 
maximum depth taken vertically between the belly 
and base of the dorsal spines; body width is the 
maximum width just posterior to the gill opening; 
snout length is measured from the anterior end of 
the upper lip to the anterior edge of the eye; orbit 
diameter is the horizontal fleshy diameter, and 
interorbital width the least fleshy width; upper jaw 
length is taken from the front of the upper lip to the 
posterior end of the maxilla; caudal peduncle depth 
is the least depth, and caudal peduncle length is the 
horizontal distance between verticals at the rear 
base of the anal fin and the caudal fin base; lengths 
of fin spine and rays are measured to their extreme 
bases (i.e., not from the point where the ray or spine 
emerges from the basal scaly sheath); caudal fin 
length is the horizontal length from the posterior 
edge of the hypural plate to a vertical at the tip of 
the longest ray; caudal concavity is the horizontal 
distance between verticals at the tips of the shortest 
and longest rays; pectoral fin length is the length of 
the longest ray; pelvic fin length is measured from 
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Figure 1. Map of western New Guinea showing approximate collection localities for Pomacentrus fakfakensis. The type 
locality at Karawatu Island (at arrow tip) and the only other known location for this species at Ogar Island 
are indicated by the respective lower and upper arrows. 


the base of the pelvic spine to the filamentous tip 
of the longest soft ray; pectoral ray counts include 
the small splint-like uppermost rudimentary ray; 
only the tube-bearing anterior lateral-line scales are 
counted; a separate count is given for the deeply 
pitted scales occurring in a continuous series 
midlaterally on the caudal peduncle; the decimal 
figure "5" appearing in the scale row count above 
and below the lateral line refers to a small truncated 
scale at the respective bases of the dorsal and anal 
fins; gill raker counts include all rudiments and 
are presented as separate counts for the upper and 
lower limbs as well as a combined count; the last fin 
ray element of the dorsal and anal fins is usually 
branched near the base and is counted as a single 
ray 

Counts and proportions appearing in parentheses 
apply to the range for the paratypes if different 
from the holotype. Proportional measurements are 
expressed as percentage of the standard length and 
counts for soft dorsal rays, soft anal rays, pectoral 
rays, total gill rakers on the first arch, and tubed 
lateral-line scales are presented in Tables 1 and 
2. Type specimens are deposited at the National 
Museum of Natural History, Washington, D.C. 
(USNM), Pusat Penelitian dan Pengembangan 


Oseanologi, Jakarta, Indonesia (NCIP), and Western 
Australian Museum, Perth (WAM). 

SYSTEMATICS 

Family Pomacentridae 

Genus Pomacentrus Lacepede, 1802 

Pomacentrus Lacepede, 1802: 505. 

Type species 

Chaetodon pavo Bloch by subsequent designation. 

Diagnosis 

Margin of suborbital usually serrate, rarely 
smooth; margin or preopercle usually with distinct 
serrations (although weak in several species); notch 
usually present between preorbital and suborbital; 
preorbital scaleless except scaled posteriorly in a 
few species; teeth biserial, at least at front of jaws; 
dorsal rays XIII or XIV, 12-16; anal rays II, 12-16; 
pectoral rays 16-19; tubed lateral-line scales 13-19; 
total gill rakers 17-30; maximum body depth 1.8-2.5 
in SL; live colouration variable, usually consisting 
of shades of brown, grey, yellow, and blue; juvenile 
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Table 1 Proportional measurements of selected type specimens of Pomacentrus fakfakensis sp. nov. as percentage of the 
standard length. 


Holotype 

NCIP 

6329 

Paratype 

NCIP 

6336 

Paratype 

USNM 

391618 

Paratype 

NCIP 

6336 

Paratype 

USNM 

391618 

Paratype 

WAM 

P.32755 

Paratype 

USNM 

391618 

Paratype 

WAM 

P.32755 

Standard length (mm) 

52.2 

57.0 

56.4 

54.1 

51.7 

49.4 

43.6 

42.4 

Body depth 

47.1 

49.1 

50.5 

48.4 

48.0 

50.6 

49.1 

47.6 

Body width 

17.4 

21.6 

21.5 

20.7 

19.0 

19.6 

19.5 

17.2 

Head length 

31.0 

33.0 

33.0 

32.3 

32.1 

32.6 

32.6 

33.0 

Snout length 

9.4 

9.8 

9.8 

9.8 

9.3 

9.1 

9.2 

9.0 

Orbit diameter 

11.1 

10.9 

10.5 

10.2 

10.4 

11.3 

10.3 

10.8 

Interorbital width 

10.0 

9.5 

9.8 

9.6 

10.4 

10.1 

9.6 

9.0 

Depth of caudal peduncle 

14.6 

14.9 

15.8 

14.2 

14.5 

14.6 

15.4 

14.6 

Length of caudal peduncle 

9.4 

11.1 

12.4 

10.9 

9.7 

10.7 

11.5 

9.4 

Upper jaw length 

9.4 

9.8 

9.8 

10.0 

9.5 

9.7 

9.4 

9.4 

Predorsal distance 

38.1 

39.6 

39.5 

40.3 

38.1 

39.7 

39.7 

40.1 

Preanal distance 

71.1 

68.2 

71.3 

68.8 

67.3 

66.0 

65.8 

65.3 

Prepelvic distance 

41.6 

40.7 

41.7 

39.9 

39.8 

39.3 

40.8 

39.9 

Length of dorsal fin base 

62.5 

64.2 

64.9 

64.3 

64.8 

65.0 

65.6 

66.0 

Length of anal fin base 

27.6 

28.8 

28.2 

27.0 

28.2 

29.1 

28.0 

30.0 

Pectoral fin length 

29.7 

31.4 

31.9 

32.9 

30.9 

30.6 

33.7 

32.5 

Pelvic fin length 

30.7 

32.6 

33.7 

27.9 

30.0 

34.4 

36.7 

38.2 

Pelvic fin spine length 

16.7 

16.1 

15.8 

16.5 

15.5 

17.4 

16.1 

17.5 

1st dorsal spine 

6.5 

6.5 

7.1 

7.0 

7.2 

7.5 

7.6 

10.4 

7th dorsal spine 

14.4 

13.9 

15.8 

15.0 

15.3 

15.8 

16.3 

17.7 

Last dorsal spine 

17.2 

16.7 

19.1 

17.6 

18.0 

17.4 

17.9 

20.3 

Longest soft dorsal ray 

22.8 

22.8 

23.0 

23.7 

26.1 

24.5 

24.5 

27.1 

1st anal spine 

6.7 

7.4 

8.7 

7.2 

6.6 

7.1 

7.8 

9.0 

2nd anal spine 

17.2 

18.1 

18.1 

17.2 

16.1 

18.8 

19.7 

20.3 

Longest soft anal ray 

21.8 

21.4 

21.5 

21.8 

22.6 

23.1 

22.2 

23.6 

Caudal fin length 

32.8 

30.2 

31.2 

32.3 

25.3 

33.2 

33.3 

35.8 

Caudal concavity 

10.2 

6.5 

8.9 

12.0 

4.4 

8.7 

8.7 

12.3 


stages (under about 30-40 mm SL) frequently with 
ocellus on soft dorsal fin; maximum size to about 
80-90 mm SL. 

Pomacentrus fakfakensis sp. nov. 

(Figures 2,3 Tables 1,2) 

Material examined 

Holotype 

NCIP 6329, 52.2 mm SL, Karawatu Island, 
04°01.803 , S, 133°27.711 , E, Papua Barat Province, 
Indonesia, 4-5 m, spear, G. Allen and M. Erdman, 
20 April 2006. 

Paratypes 

NCIP 6336, 2 specimens, 54.1-57.0 mm SL, 
rocky islets off north-western corner of Ogar 
Island, 02°371.332 , S, 132°24.775'E, northern Fakfak 
Peninsula, Papua Barat Province, Indonesia, 3 m, 
spear, G. Allen, 16 January 2008; USNM 391618, 
3 specimens, 43.6-56.4 mm SL, same location as 
holotype, 4-6 m, spear and clove oil, G. Allen and 


M. Ammer, 13 January 2008; WAM P.32791-005, 
2 specimens, 42.4-49.4 mm SL, collected with 
holotype; WAM P. 32954-001, 5 specimens, 17.7-50.0 
mm SL, same data as USNM paratypes. 


Table 2 Summary of soft dorsal rays, soft anal rays, 
pectoral rays, gill rakers (GR) on first arch, 
and tubed lateral-line scales of Pomacentrus 
fakfakensis sp. nov. Counts for pectoral rays 
and lateral-line (LL) scales were recorded for 
both sides of each individual. 


Dorsal rays 

Anal rays 

Pectoral rays 

13 14 15 

13 14 

17 

18 

3 6 1 

3 9 

5 

19 

LL scales 

Upper limb GR 



18 19 

5 6 7 8 



4 20 

15 2 1 



Lower limb GR 

Total gill rakers 



13 14 

19 20 21 



6 3 

5 2 2 
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Diagnosis 

Dorsal rays XIV,13-15; anal rays 11,13-14; pectoral 
rays usually 18 (occasionally 17); tubed lateral-line 
scales usually 19 (occasionally 18); gill rakers 5-8 + 
13-14 (total 19-21); body depth 2.0-2.1 in SL; colour 
in life generally dark brown, including median 
fins, with small black spot at upper edge of opercle 
margin; juveniles with ocellus on middle of soft 
dorsal fin between seventh and eighth soft rays. 

Description 

Dorsal rays XIV,14 (XIV,13-15); anal rays 11,14 (II, 
13 or 14); all dorsal and anal soft rays branched, 
the last to base; pectoral rays 17-18, lower ray 
and uppermost pair unbranched; pelvic rays 1,5; 
principal caudal rays 15, median 13 branched; upper 
and lower procurrent caudal rays 5, posterior pair 
segmented; scales in longitudinal series 28; tubed 
lateral-line scales 19 (18 or 19); posterior midlateral 
scales with a pore or deep pit (in continuous series) 
7; scales above lateral line to origin of dorsal fin 3; 
scales above lateral line to base of middle dorsal 
spine 1.5; scales below lateral line to origin of anal 
fin 9; gill rakers 6 + 13 (5-8 + 13-14), total rakers 19 
(19-21); pseudobranch filaments 12 (12 or 13). 

Body ovate, depth 2.1 (2.0-2.1) in SL, and 
compressed, width 2.7 (2.3-2.8) in body depth; HL 
3.2 (3.0-3.1) in SL; dorsal profile of head evenly 
rounded from dorsal-fin origin to snout; snout 
shorter than orbit, its length 3.3 (3.3-3.7) in HL; 
orbit diameter 2.8 (2.9-3.2) in HL; interorbital 
space convex, its width 3.1 (3.1-3.7) in HL; caudal- 
peduncle depth 2.1 (2.1-2.3) in HL; caudal-peduncle 
length 3.3 (2.7-3.5) in HL. 

Mouth terminal, small, and oblique, forming an 
angle of about 35° to horizontal axis of head and 
body; maxilla reaching a vertical about even with 
anterior edge of pupil, upper-jaw length 3.3 (3.2-3.5) 
in HL; teeth of jaws uniserial posteriorly, becoming 
biserial at front of jaws with addition of slender 
buttress teeth in spaces between main row of larger 
teeth; teeth incisiform to conical in shape, about 
38-42 in each jaw of holotype (excluding buttress 
teeth). Tongue triangular with rounded tip, set far 
back in mouth. Gill rakers long and slender, longest 
on lower limb near angle, about two-thirds length 
of longest gill filaments. Nostril round with slightly 
raised rim, level with lower edge of pupil and about 
midway between anterior edge of eye and upper 
up. 

Opercle ending posteriorly in flat spine, tip 
obtuse, barely projecting from beneath a large 
scale; rear margin of preopercle with 17 serrae on 
left side of holotype (18-23); preorbital with single 
serra separated by notch from suborbital series; 
lower edge of suborbital with 6 serrae; rear edge of 
posterior circumorbitals without serrae, but may be 
weakly crenulate. 


Scales finely ctenoid; head scaled except lips, tip 
of snout, preorbital, and suborbital; scaly sheath at 
base of dorsal and anal fins, averaging about two- 
thirds pupil width at base of dorsal fin and about 
the same width at base of anterior part of anal fin, 
gradually tapering in width posteriorly; column of 
scales on each membrane of dorsal and anal fins, 
narrowing distally, those on spinous portion of 
dorsal fin progressively longer, reaching at least 
two-thirds distance to spine tips on posterior 
membranes, slightly farther on anterior soft rays, 
then gradually shorter on posterior part of fin; small 
scales on caudal fin extending about three-fourths 
distance to posterior margin; small scales on basal 
one-fifth of pectoral fins; a cluster of several scales 
forming median process, extending posteriorly 
from between base of pelvic fins, its length slightly 
greater than half that of pelvic spine; axillary scale 
above base of pelvic spine, its length about two- 
thirds length of pelvic spine. 

Origin of dorsal fin over second or third tubed 
lateral-line scale, predorsal distance 2.6 (2.5-2.6) 
in SL; base of soft portion of dorsal fin contained 
about 1.8 times in base of spinous portion; dorsal- 
fin spines gradually increasing in length to last 
spine; first dorsal spine 4.8 (3.2-5.1) in HL; seventh 
dorsal spine 2.2 (1.9-2.4) in HL; last dorsal spine 
1.8 (1.6-2.0) in HL; membranes of spinous portion 
of dorsal fin incised near spine tips; seventh dorsal 
soft ray longest, 1.4 (1.2-1.4) in HL; first anal spine 
4.6 (3.7-4.9) in HL; second anal spine 1.8 (1.6-2.0) in 
HL; longest (ninth) anal soft ray 1.4 (1.4-1.5) in HL; 
caudal fin moderately forked with angular lobes, its 
length 3.1 (2.8-3.9) in SL; fourth pectoral ray longest, 
3.4 (3.0-3.3) in HL; pelvic spine 1.9 (1.9-2.1) in HL; 
first soft ray of pelvic fin forming filamentous tip, 
3.3 (2.6-3.6) in SL. 

Colour when alive/freshly collected: adult 
(Figures 2-3) overall dark brown, including median 
fins, slightly lighter on breast and belly; pectoral 
and pelvic fins translucent with faintly dusky 
brown rays, anterior edge of pelvic fin dark brown. 

Colour in alcohol: generally dark brown including 
median fins; small blackish spot occupying most of 
small scale at upper rear margin of operculum; 
pelvic and pectoral fins tan. Smallest paratype (42.4 
mm SL) with faint dark spot, a remnant of juvenile 
ocellus, in middle of posterior dorsal fin between 
seventh and eighth soft rays. 

Remarks 

The new species generally resembles several 
other nondescript, mainly dark brown Pomacentrus 
from the western Pacific including P. armillatus 
Allen (Borneo and Philippines), P. bintanensis Allen 
(Bintan Island, Indonesia), P. burroughi Fowler 
(widespread Indo-Malayan region), P. cuneatus Allen 
(widespread Indo-Malayan region), P. komodensis 
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Figure 2 Pomacentrus fakfakensis sp. nov., holotype, 52.2 mm SL, Karawatu Island, Papua Barat Province, Indonesia. 



Figure 3 Underwater photograph of Pomacentrus fakfakensis sp. nov., approximately 50.0 mm SL, Ogar Island, Papua 
Barat Province, Indonesia. 


Allen (Komodo Island, Indonesia), P. littoralis 
Cuvier (widespread western Pacific), P. melanochir 
Bleeker (eastern Indonesia), P. opisthostigma Fowler 
(widespread Indo-Malayan region), P tripunctatus 
Cuvier (widespread western Pacific and eastern 
Indian Ocean), and P. wardi Whitley (eastern 
Australia). It differs from all these species except P 
armillatus and P opisthotostigma in having 14 instead 
of 13 dorsal spines (see Allen 1991 for diagnoses of 
these and other Pomacentrus). Both of these species 
are readily distinguished from P. fakfakensis in 
having distinctive dark markings on the pectoral- 
fin base; that of P armillatus forms a bar across the 
entire fin base, while that of P opisthostigma forms 
a wedge-shaped mark restricted to the upper fin 
base. These two species also differ in having fewer 
lateral-line scales (usually 15-17 versus 18-19), fewer 
pectoral rays (17 versus mainly 18) and more gill 


rakers on the first arch (26-29 versus 19-21). 

The new species is currently known only from 
south-western New Guinea (Papua Barat Province, 
Indonesia) at Karawatu Island and the northern 
coast of the Fakfak Peninsula in the vicinity of 
Kokas Village. It was relatively common at both 
locations on silt-affected reef flats around coral and 
rock outcrops at depths of 2-8 m. 

Etymology 

The new species is named fakfakensis with 
reference to the Fakfak Peninsula of western New 
Guinea, the only known location for this species. 
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Abstract - Crinia is a large genus of small-bodied myobatrachid frogs that 
occur throughout most of Australia. They are less diverse in arid regions and 
northern Australia, and in the Kimberley are currently only represented by C. 
bilingua. Recent exploration of the northwest Kimberley has revealed another 
species of Crinia, here named Crinia fimbriata sp. nov. Molecular genetic analy¬ 
ses of mitochondrial nucleotide sequence data indicate the new species is a 
highly divergent lineage within Crinia. Compared to C. bilingua, the new spe¬ 
cies is smaller but with longer legs, has a dorsal ground colour of bluish grey- 
brown, yellow-brown or red, with distinctive dark brown variegations and the 
entire dorsal surface is stippled with fine, pale bluish-white tubercles. Males of 
the new species have wide flanges on the fingers which are not typical of other 
Crinia species. The tadpole is also unlike any other known species of Crinia in 
that it has large jaw sheaths, which may be an adaptation for scraping algae 
from the rock pools in which it has been found. The male advertisement call 
has not been recorded. Within the Kimberley region, many species of frogs, 
reptiles and mammals only occur in the northwest along a narrow high rain¬ 
fall zone from the Mitchell Plateau to the Prince Regent River Nature Reserve, 
making this region of especially high conservation value. 


Keywords - frog, tropics, conservation, tadpole, mitochondrial DNA, ND2. 


INTRODUCTION 

Frogs of the family Myobatrachidae Schlegel, 
1850 are an ancient lineage of smaller-bodied 
Gondwanan anurans endemic to Australia 
and southern New Guinea (the larger-bodied 
Limnodynastidae Lynch, 1969 are the sister family). 
The myobatrachids show large phenotypic diversity 
across the family, especially for burrowing and 
reproductive modes (Roberts and Watson 1993; 
Tyler 1994; Tyler and Doughty 2009). However, three 
speciose genera - Crinia Tschudi, 1838, Pseudophryne 
Fitzinger, 1843 and Uperoleia Gray, 1841 - show 
strong conservatism in body form and ecology. 

After Uperoleia, Crinia is the second-largest 
myobatrachid genus, with 15 species currently 
recognised (including C. [Bryobatrachus] nimbus 
Rounsevell et al, 1994; see Read et al. 2001). Regions 
with the highest diversity are in southeastern 


Australia with seven species and southwestern 
Australia with five species. Most Crinia are small 
(~ 2-4 cm) and conservative in shape and breeding 
biology. One exception is C. georgiana from the 
southwest with its large body size, red groin and 
thighs, red or gold eyelids, dimorphism in arm 
size, polyandry, large egg size, diminutive tadpole 
and small size at metamorphosis. Because C. 
georgiana is the type species, the genus Ranidella 
Girard, 1853 had often been applied to all other 
Crinia species until recently. The other exceptions 
to Crinia conservatism are C. riparia Littlejohn and 
Martin, 1965 from the Flinders Ranges in South 
Australia and C. nimbus from Tasmania. Crinia 
riparia is a stream-dwelling species that lays its 
eggs underneath rocks in flowing streams and the 
tadpole has a stream-adapted body shape with a 
broader and larger oral disc for improved adherence 



128 

to rocks; C. nimbus has nidicolous larvae (Altig and 
Johnston 1989; Mitchell and Swain 1996). 

In far northern Australia, Crinia is represented 
by C. bilingua Martin, Tyler and Davies, 1980 which 
occurs from the Kimberley region in Western 
Australia to northwestern Northern Territory. It is 
replaced to the east by C. remota Tyler and Parker, 
1974 (type locality - Morehead in south-eastern 
Papua New Guinea), which reputedly occurs in 
Arnhemland and Groote Eylandt in the Northern 
Territory, and also in northern Queensland (Tyler 
and Davies 1986; Barker et al. 1995). Crinia bilingua 
and C. remota are common woodland and savannah 
species that occur in grassy habitats associated with 
creeks and ponds, not unlike those of southern 
species. 

Recent collecting expeditions in January 2007 
to the Mitchell Plateau and Prince Regent River 
Nature Reserve in the Kimberley region (Figure 
1) have revealed a distinctive new species of 
Crinia. The new taxon is sympatric with C. bilingua 
(see Results), but has only been found in rocky 
sandstone escarpment platforms in highly dissected 
mountainous habitat. Here we present molecular 
and adult and larval morphological analyses on 
Kimberley Crinia and describe the northwest taxon 
as a new species. 


P. Doughty, M. Anstis, L.C. Price 

Abbreviations: ABTC - Australian Biological 
Tissue Collection, Adelaide; SA - South Australia; 
ANWC - Australian National Wildlife Collection; 
SAMA - SA Museum, Adelaide; QM - Queensland 
Museum; WA - Western Australia; WAM - WA 
Museum. 

METHODS 

Adult morphology 

Morphometric measurements of the 4 adult 
male specimens of the new taxon were compared 
with those of 20 adult C. bilingua from WAM 
(Appendix 1). All specimens were formalin-fixed, 
then preserved in 70% ethanol (unless noted). The 
C. bilingua measured were those collected on the 
same field trips that specimens of the new taxon 
were collected, as well as specimens from the 
central and eastern Kimberley to provide a wider 
geographical coverage. Table 1 provides definitions 
of the characters measured. We also calculated the 
following ratios: HL/SUL, HW/HL and TL/SUL. 
'Drink patch' is defined as the skin of the posterior 
ventral surface and proximal surface of thighs 
beneath the cloaca. Significance tests of hypotheses 
were not possible to carry out owing to the small 
sample size of the type series. Accordingly, we 
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Figure 1. Distribution of Crinia species in the Kimberley region. Western Australia, showing annual rainfall. 
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present the data descriptively and discuss trends 
qualitatively. 

Tadpole morphology and development 

Five tadpoles were collected from a small rock 
pool above Little Mertens Falls, Mitchell Plateau, 
and one tadpole collected from a small pool next to 
a creek in the Prince Regent River Nature Reserve. 
Tadpoles from Mitchell Plateau were at Gosner 
(1960) stages 36 and 37 when collected and were 
reared in a 30 cm diameter plastic basin containing 
stream water to a depth of 12 cm, sand, silt and 
rocks. One metamorph was raised to adulthood 
to confirm identity and all other tadpoles were 
preserved at stages 38-41. Water temperatures 
ranged from 30-36°C during development. The 
single specimen from the Prince Regent River 
region was at stage 41 and preserved on capture. 
Tadpole descriptions and abbreviations for tadpole 
morphometric characters are provided in Table 
1 and follow Anstis (2002) and Anstis and Tyler 
(2005). Morphometric measurements were made 
using vernier callipers and an ocular micrometer. 


Tadpoles were anaesthetised in 1% chlorbutol 
solution and preserved in 4% buffered formalin. 
Tadpoles were drawn with the aid of a drawing 
tube attached to the stereoscopic microscope. 

Molecular genetic analyses 

Sampling 

Species within the genus Crinia show remarkably 
high levels of morphological diversity in both 
skin colour pattern and texture, even within 
a single population (Tyler and Doughty 2009). 
Therefore, it was necessary to confirm whether 
the morphologically unique Crinia specimens 
represented a unique lineage of Crinia or are 
members of a morphologically variable population 
of a currently recognised spieces. Assessment of 
the single female raised from a tadpole was also 
necessary as this specimen lacked a diagnostic 
character of the new taxon (i.e. flanged fingers, 
see below). We performed molecular genetic 
analyses of mitochondrial nucleotide sequences 
sampled from all adults from the Mitchell Plateau, 


and two tadpoles of Crinia sp. nov. 

and a typical but not the male from the Prince Regent River as 

C. bilingua tadpole were 

measured for comparison. the sample was too degraded. Additionally, we 

Table 1 Characters measured with abbreviations and explanations. 

Character 

Abb rev. 

Explanation of Measurement 

A. Adults 

Snout-urostyle length 

SUL 

From tip of snout to posterior tip of urostyle 

Head length 

HL 

From tip of snout to posterior edge of tympanum 

Head width 

HW 

Width of head at centre of tympani 

Eye-naris distance 

EN 

From anterior corner of eye to posterior edge of naris 

Interorbital span 

IO 

Distance between anterior corners of eyes 

Internarial span 

IN 

Distance between inner edges of nares 

Tibia length 

TL 

Measured with leg in natural resting position, from knee to tarsus 

Foot length 

FootL 

From tip of 4 th toe to proximal end of inner metatarsal tubercle 

B. Tadpoles 

Total length 

TL 

From tip of snout to tail tip 

Body length 

BL 

From tip of snout to end of body 

Body depth 

BD 

Maximum height of body 

Body width 

BW 

Widest point of body in dorsal view 

Body width at eyes 

EBW 

Body width at level of eyes in dorsal view 

Tail muscle depth 

BTM 

Depth of tail muscle at base 

Tail muscle width 

BTMW 

Width across tail muscle at base in dorsal view 

Tail depth 

TD 

Measured at midpoint of tail 

Dorsal fin depth 

DF 

Measured at tail depth 

Tail muscle depth 

TM 

Measured at tail depth 

Ventral fin depth 

VF 

Measured at tail depth 

Inter-orbital span 

IO 

Measured in dorsal view 

Inter-narial span 

IN 

Measured in dorsal view 

Eye to naris 

EN 

Measured in dorsal view 

Narial diameter 

N 

Measured in dorsal view 

Snout to spiracle 

SS 


Snout to naris 

SN 


Snout to eye 

SE 


Eye diameter 

ED 


Oral disc width 

ODW 

Measured at maximum in ventral view 
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sampled individuals from the three other northern 
species of Crinia, including individuals near the 
type localities. 

A total of 18 Crinia were sequenced in this 
study: four Crinia sp. nov. - the holotype and three 
paratypes from the type locality, seven C. bilingua 
from near the type locality in WA and across the 
species' range; four C. remota from near the type 
locality in New Guinea and also Queensland; two C. 
deserticola from near the type locality in Queensland 
and also SA; and one C. riparia from the type 
locality in SA. Because our goal was to determine 
conspecificity of both the adult and larval specimens 
from the type series and ascertain if the type series 
belongs to a unique lineage within the genus 
Crinia , we selected four outgroups for the analyses. 
Outgroups were chosen based on the phylogeny of 
Read et al. (2001), which was derived from analysis 
of combined 12sRNA and ND2 datasets. Details of 
specimens from which sequence data was obtained, 
other outgroup taxa and Crinia species from Read et 
al. (2001) are presented in Table 2. 

DNA extraction , amplification , and sequencing 

DNA was extracted using a Puregene™ DNA 
Isolation Tissue Kit, D-7000A (Gentra Systems) 
following the manufacturer's instructions. A 
655 base pair (bp) mitochondrial DNA fragment 
comprising 145bp of partial sequence from tRNA ILE 
(6 bp), tRNA GLN (70 bp), tRNA MET (69 bp) and 510 bp 
of the protein coding gene ND2 was amplified using 
the polymerase chain reaction (Saiki et al. 1986, 
1988). PCR conditions were: 5 pL dilution of template 
DNA (50-100 ng); 0.2 pL of AmpliTaq Gold DNA 
polymerase (Perkin Elmer), 4 pL of 25mM MgCl 2 , 
5 pL of GeneAmp 10 x PCR Gold Buffer (Perkin 
Elmer), 4 pL of lOmM dNTPs, 2 pL of 0.5 pM of 
each primer = 4 pL in a total volume of 50 pL. Light 
and heavy strand primer sequences were: L4221 
tRNA ILE 5'-AAGGACCTCCTTGATAGGGA-3 and 
H4980 ND2 5'-ATTTTTCGTAGTTGGGTTTGRTT-3' 
respectively (Macey et al. 1997). 

PCR cycling conditions were: one cycle of 94°C 
for 9 min, 36 cycles of 94°C for 45 s, 55°C for 45 s, 
and 72°C for 1 min, and one cycle of 72°C for 6 min. 
PCR products were assessed for expected PCR 
product size on 1.5% agarose gel electrophoresis 
and visualised with ethidium bromide staining 
and a UV transilluminator before sequencing. PCR 
products were sent to the commercial sequencing 
facility Macrogen Inc. (www.macrogen.com) for 
purification and DNA sequencing. BigDyeTM 
cycling conditions were employed to sequence the 
light strand with the same primer used for PCR 
amplification. Purification of reacted products 
was performed using ethanol precipitation and 
sequencing reactions were visualised using 
automatic sequencer ABI3730XL. Raw sequences 


were edited using SeqEd (Version 1.0.3, ABI) and 
aligned by eye using Se-Al (Rambaut 1996) against 
a subset of homologous myobatrachid sequences 
from Read et al. (2001) that were donated by J. S. 
Keogh. Sequences from ABTC 99434, WAM R114841 
and the sequence from a M. gouldii are missing 
the 5' 145 bp, 114 bp and 114 bp of this fragment, 
respectively. To check for nuclear paralogues all 
ND2 protein encoding sequences were translated in 
Se-Al using the standard vertebrate mitochondrial 
genetic code and examined for unexpected stop or 
nonsense codons. 

Phylogenetic analyses 

The aligned sequence data were used to 
explore three methods of phylogenetic analyses: 
Markov-Chain Monte Carlo (MCMC)-Bayesian 
phylogenetic analyses implemented in MrBayes 
v. 3.1.2 (Huelsenbeck and Ronquist 2001; Ronquist 
and Huelsenbeck 2003), maximum parsimony 
(MP) using PAUP ver. 4.0b5 (Swofford 2000) and 
maximum likelihood (ML) criterion using Garli 
(Zwickl 2006). 

Two programs were used to determine an 
appropriate model of nucleotide substitution 
for Bayesian and ML analyses. Lor the Bayesian 
analysis MrModeltest version 2.2 (Nylander 2004) 
was used and for the ML analysis the Modeltest 
program version 3.7 (Posada and Crandall 1998, 
2001). Lor Bayesian analysis four data partitions 
were applied; the tRNA genes and the three codon 
positions in ND2. Under the Akaike Information 
Criterion (AIC) a different model of nucleotide 
substitution was found to be the most suitable for 
each data partition: HKY+I+G for the tRNA genes, 
GTR + I + G for the 1 st codon position, HKY+I for 
the 2 nd codon position and GTR+G for the 3 rd codon 
position. Lor ML analysis the most suitable model 
of nucleotide substitution was found to be TIM + I 
+ G under the AIC. 

Phylogenetic analysis by Bayesian inference was 
performed on the aligned sequences using the 
appropriate model of nucleotide substitution for 
each data partition. Analyses were performed in 
two runs, each with four separate MCMC chains 
(1 cold) for 1 x 10 7 generations and sampled 
every 1000 generations to give a sample of 10,000 
trees. Using AWTY (Wilgenbush et al. 2004) the 
cumulative and compare commands were used 
to assess stationarity. Stationarity was reached by 
5 x 10 6 generations and thus the first 6,000 trees 
were excluded and the remaining 4,000 trees, 
used to derive a 50% majority-rule consensus tree 
with posterior probabilities of the clades. 

The ML analysis was performed with the 
default parameters in Garli (Zwickl 2006), using 
the GTR + I + G model and employed a heuristic 
search strategy. Because it was not possible to 
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specify the TIM + I + G model, GTR + I + G, a 
similar model, was selected. The non-parametric 
bootstrap with 100 pseudoreplicates was used to 
assess branch support. 

For MP analyses all substitutions were 
weighted equally (see Kluge 1997). A heuristic 
search strategy was employed, using the random 
stepwise addition (100 replicates) and tree- 
bisection-reconnection (TBR) branch swapping 
options. The non-parametric bootstrap with 
1,000 pseudoreplicates was used to assess branch 
support. 

RESULTS 

Adult and tadpole morphology 

Table 3 summarises the morphological differences 
between Crinia sp. nov. and C. bilingua. The two 
Crinia were similar, except C. bilingua appears to be 
slightly larger and Crinia sp. nov. has a longer tibia 
(in both mean and in the TL/SUL ratios). Whereas 
the fingers of C. bilingua share the pointed non- 
webbed fingers typical of other Crinia, males of 
Crinia sp. nov. have unusually wide flanges (Figure 
2). Tadpoles of Crinia sp. nov. have large, laterally- 
compressed jaw sheaths which are atypical of other 
Crinia (Watson and Martin 1973; Anstis 2002). 


Differences in dorsal pattern and colouration 
between the two taxa were more apparent (Figure 
3). Crinia bilingua usually has a light brown or 
reddish-brown background colour often with a 
darker rectangular marking on the dorsum and 
a chevron or Y-shaped mark between the eyes. 
In contrast, all individuals observed of Crinia sp. 
nov. lack the chevron marking and have either a 
reddish or bluish hue to a background colour of 
brown, with a network of minute, pale bluish-white 
tubercles scattered over the dorsum and limbs. 

Molecular genetic analyses 

The final dataset comprised 655 bp of aligned 
ND2 and tRNA sequences for all currently 
recognised species in the genus Crinia and selected 
outgroup taxa from the family Myobatrachidae. 
Of the 655 sites, 339 were constant and 316 
characters were variable of which 266 of these were 
parsimony-informative. 

A single majority rule consensus tree derived 
from the final Bayesian runs is shown in Figure 
4. Posterior probabilities (Bayesian analysis) and 
bootstrap support values (MP and ML analysis) 
of nodes are indicated on branches if values were 
above 95% for Bayesian analyses and 60 for MP 
and ML analyses. Well-supported nodes (> 0.95 



Figure 2 Flanges on the fingers of Crinia fimbriata sp. nov. A) diagram of finger with pin holding back flange (WAM 
R167745); B) close-up of flange of uncollected individual floating in a small pool at the top of Little Merten's 
Falls, Mitchell Plateau. 
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Figure 3 Photos in life of Crinia from the Kimberley region. Western Australia. A) C. fimbriata sp. nov. from Mitch¬ 
ell Plateau (not collected) (photo J. Francis); B) male C. fimbriata sp. nov. from Prince Regent River (WAM 
R163823)(photo M. Barrett); C,D) ventral and dorsolateral views of captive-reared female C. fimbriata sp. nov. 
(SAMAR62994); E) preserved male holotype (WAM R167743) of C. fimbriata sp. nov.; F) male C. bilingua from 
Kununurra. 
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posterior probability or > 70 bootstrap support 
values) in the phylogenies resulting from the 
Bayesian, ML and MP analyses showed congruent 
phylogenetic pattern for all taxa. Crinia nimbus and 
C. tasmanienis form a weakly supported basal clade, 
sister to all other Crinia. The type series ( Crinia 
sp. nov.) belongs to a strongly supported, highly 
divergent lineage which is the sister taxon to the 
remaining Crinia. Within the type series, SAMA 
R62994, WAM R167744 and WAM R167745 possess 
the same haplotype (Ss2); WAM R167743 has a 
unique haplotype (Ssl) differing at four sites in the 
fragment of ND2 sequenced. 

Uncorrected pairwise genetic distance between 
the Crinia sp. nov. lineage and clades of other Crinia 
species ranged between -16.8% (C. riparia and C. 
remota ) and -22% (C. deserticola and C. nimbus ). 
Crinia bilingua and C. remota each form well- 
supported clades which together form a strongly 
supported clade, sister to the remaining Crinia 
species. Uncorrected pairwise genetic distance 
between haplotypes from the C. bilingua lineage 
and haplotypes of the C. remota lineage ranged 
from -12.8% to -11.3%. Crinia deserticola forms a 
well-supported clade which is grouped with the 
remaining Crinia species by a weakly-supported 
node. Intra-clade genetic diversity was minimal (0 
to -2%) in C. bilingua , C. deserticola , C. remota and 
Crinia sp. nov. In contrast, intraspecific genetic 
distances within the C. signifera clade were high 
(-9.4% to -4.7%), and lineages within this clade 
show definite phylogeographic pattern. Crinia 
parinsignifera, C. tinnula and Crinia sp. form a 
weakly-supported clade, but there is strong support 
for a subclade comprising C. tinnula and Crinia sp. 
There is weak support for C. riparia as the sister 
lineage to a weakly supported clade containing 
C. signifera , C. georgiana, C. glauerti, C. sloanei, C. 
insignifera , C. pseudinsignifera and C. subinsignifera. 
However there is strong support for the C. 
signifera clade and moderate support for the clade 
comprising C. georgiana , C. glauerti, C. sloanei, C. 
insignifera, C. pseudinsignifera and C. subinsignifera. 

DISCUSSION 

Conspecificity and distinctiveness 

The molecular results provide strong support 
for the conspecificity of the type series, which is 
consistent with the distinctive colour and pattern 
observed on the adult individuals. Indeed, all 
genotyped individuals, including the female SAMA 
R62994, belong to a single divergent mitochondrial 
DNA lineage which is well supported with a 
Bayesian posterior probability of 1.00 and MP 
and ML bootstrap support values of 100. The 
conspecificity of the female SAMA R62994 also 
indicates that the distinctive larvae are the juvenile 


Table 3 Morphometric comparisons between Crinia 
bilingua and Crinia sp. nov. from the Kimber¬ 
ley. Figures are mean±S.D. (range). 


Character: 

Crinia bilingua 

N = 20 

Crinia sp. nov. 

N = 4 

SUL 

19.1±1.3 

17.0±0.4 


(17.5-22.5) 

(16.5-17.5) 

TL 

8.3±0.6 

8.8±0.5 


(7.2-9.4) 

(8.1-9.2) 

HL 

5.2±0.4 

4.5±0.3 


(4.7-5.9) 

(4.2-4.9) 

HW 

5.8±0.4 

4.5±0.4 


(5.1-6.4) 

(4.7-5.5) 

FootL 

9.3±0.7 

8.4±1.0 


(8.1-10.7) 

(7.0-9.2) 

EN 

1.3±0.2 

1.4±0.1 


(1.1-1.9) 

(1.3-1.5) 

IN 

1.5±0.1 

1.6±0.1 


(1.3-1.8) 

(1.5-1.6) 

IO 

3.0±0.2 

3.1±0.1 


(2.7-3.5) 

(3.0-3.5) 

HL/SVL 

0.27±0.01 

0.27±0.02 


(0.25-0.30) 

(0.25-0.29) 

HW/HL 

1.10±0.06 

1.14±0.04 


(1.00-1.30) 

(1.10-1.20) 

TL/SUL 

0.43±0.02 

0.52±0.03 


(0.39-0.50) 

(0.48-0.54) 


form of the distinctive adults from the type series. 

It is reasonable to propose that the Crinia sp. nov. 
lineage represents a divergent population and not 
an ancestral gene lineage (e.g. Thomaz et al. 1996), 
retained within a population of a sympatric species 
such as C. bilingua. This proposition is supported by 
the large genetic distances observed between Crinia 
sp. nov. and other lineages of Crinia, which implies 
a substantial period of isolation, and that the range 
of divergence seen between Crinia sp. nov. and the 
other Crinia species exceeds the genetic divergence 
between described sister species pairs such as C. 
bilingua and C. remota. 

The molecular data in conjunction with the 
distinctive adult and larval morphology provide 
strong support for the recognition of Crinia sp. nov. 
as a distinct evolutionary species. In particular, 
the degree of sequence divergence of the Crinia 
sp. nov. lineage relative to currently described 
sister species pairs in the genus Crinia and 
the monophyly of haplotypes representing the 
morphologically distinct individuals is compelling 
evidence in support of species recognition. This 
diagnosis is consistent with the evolutionary 
species concept (Simpson 1951; Wiley 1978) and 
the generalised lineage concept of de Queiroz 
(1998). Additionally, the flanged fingers of males 
and the specialised mouthparts of larvae indicate 
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Figure 4 A majority rule consensus tree derived from the final Bayesian runs showing phylogenetic relationships 
among mitochondrial ND2 haplotypes for Crinia. Values at nodes indicate Bayesian posterior probabilities 
>0.95 and MP and ML bootstrap support values >60, respectively. Haplotype numbers are indicated where 
more than one haplotype is present in a lineage representing a particular species. Species names and haplo¬ 
type numbers refer to specimens, tissues and collection locations in Table 2. 
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a possible change in reproductive behaviour and a 
high degree of habitat specificity for breeding (i.e. 
rocky pools), respectively. Although observations 
of morphological differences such as these are not 
a direct test of reproductive isolation, they clearly 
indicate significant adaptive divergence of Crinia sp. 
nov. despite a contemporary sympatric distribution 
with at least one congeneric species C. bilingua. It 
is therefore logical to suggest these morphological 
differences indicate reproductive isolation of Crinia 
sp. nov. in spite of the potential for interbreeding 
with C. bilingua. Consequently, species recognition 
is also supported under the biological species 
concept (Mayr 1963). Based on the morphological 
and genetic differences among Crinia taxa, we 
describe the northwest taxon as a new species in 
the Systematics section below. 

Relationships within Crinia 
Various methods have previously been employed 
to explore species relationships within the genus 
Crinia (see Read et al. 2001 for review). The most 
comprehensive examination of relationships to date 
was provided by Read et al. (2001). The phylogenetic 
relationships inferred from analyses in the present 
study are largely congruent with those of Read et 
al. (2001). However, some relationships depicted by 
weakly supported nodes in our analyses do conflict 
with the tree topologies from Read et al. (2001). 
The placement of C. riparia as the sister to both C. 
signifera and the clade comprising C. georgiana, C. 
glauerti, C. sloanei, C. insignifera, C. pseudinsignifera 
and C. sub insignifera in our analyses is not 
consistent with the closer relationship of C. riparia 
to C. signifera inferred by analyses of Read et al. 
(2001). Additionally, the analyses of Read et al. (2001) 
placed, albeit tentatively, the clade comprising C. 
parinsignifera, C. tinnula and Crinia sp. as the sister 
of the clade comprising C. riparia and C. signifera. 
We used a smaller fragment of mitochondrial 
DNA for phylogenetic analysis and as such it is not 
surprising that phylogenetic relationships inferred 
by the analyses of Read et al. (2001) are different 
from our own. Interestingly, the only differences in 
the tree topology between ours and the analyses of 
Read et al. (2001) exist where a shorter fragment of 
identical sequence was used for all but one of the 
species in question. Consequently, where support 
values are weak for the differing node, the tree 
topology produced by the analyses of Read et al. 
(2001) is a more accurate estimate of phylogenetic 
relationships. Besides our use of a smaller fragment 
of mitochondrial DNA we also used different 
outgroup and in-group specimens and different 
sample sizes for some species. The use of SAMA 
R62992 as our representative sample of C. riparia 
instead of ABTC 14948, used in the analyses of 
Read et al. (2001), may also have contributed to the 
difference in tree topologies. 


We do point out that although our analyses included 
every recognised species of Crinia, we elected not to 
include every recognised divergent lineage within 
Crinia. Recent molecular analyses of 12S and 16S 
mitochondrial DNA sequences by Symula et al. (2008) 
also included the divergent northern lineage of C. 
riparia to which ABTC 14948 (Read et al. 2001) belongs. 
Likewise, only one of the divergent mitochondrial 
lineages recognised in C. georgiana (see Edwards et 
al. 2007) was included in our analyses. Relationships 
within C. signifera were largely congruent with those 
of Symula et al. (2008), however our analyses lacked 
representatives from the Bl, C2 and C3 mitochondrial 
lineages/sub-clades. 

SYSTEMATICS 

Family Myobatrachidae Schlegel, 1850 
Genus Crinia Tschudi, 1838 
Type species 

Crinia georgiana Tschudi, 1838, by monotypy. 


Diagnosis 

Small (1.5-4 cm SUL) ground-dwelling frogs 
characterised by pointed snout, flattened body 
shape, small limbs, long unwebbed fingers 
and toes, toothed upper jaw and long and oval 
tongue. All species lay pigmented eggs in water, 
except C. nimbus which lays unpigmented eggs 
in a terrestrial nest and with nidicolous larvae. 
Genetic data (Read et al. 2001; Frost et al. 2006) 
support the monophyly of Crinia, including C. 
tasmaniensis + C. (Bryobatrachus) nimbus as a basal 
lineage. 

Crinia fimbriata sp. nov. 

Kimberley Froglet 

Figures 2, 3, 5 and 6 

Material examined 

Holotype 

Australia: Western Australia: WAM R167743, 
an adult male collected at the top of Little Mertens 
Falls, Mitchell Plateau (14°49 , 20"S; 125°42 , 39"E) on 7 
January 2007 by L. Price and J. Francis. 

Paratypes 

Australia: Western Australia: WAM R163823 
(male), collected 5.2 km southwest of the junction of 
the Prince Regent River and Pitta Creek (15°52 , 08 ,, S; 
125°36'23.6"E) on 28 January 2007 by M. Barrett, 
R. Barrett and P. Kendrick; WAM R167744 and 
WAM R167745 (males) - details as for holotype; 
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SAMA R62994 (female raised from one of 5 larvae) 
- Mitchell Plateau (14°49 , 19.4"S; 125°42 , 35.2"E) on 
11 January 2007 by M. Anstis, J. Francis and J. D. 
Roberts; WAM R159800-03 (larvae) - details as 
for SAMA R62994; WAM R159804 (larva) - Prince 
Regent River Nature Reserve (15°41'S; 125°35 , E) on 
20 January 2007 by M. Barrett, R. Barrett and P 
Kendrick. 

Diagnosis 

Adults distinguishable from all other Crinia in 
life by a network of minute bluish-white tubercles 
scattered over dorsum and limbs. Ventral surfaces 
smooth (except for rugose drink patch) and 
fingers of males with wide flanges. Tadpoles can 
be distinguished from all other Crinia tadpoles 
by robust laterally-compressed jaw sheaths, more 
numerous papillae and an emarginate oral disc. 

Description of holotype 

Small (17.5 mm SUL) body size with flattened 
shape and moderately pointed snout. Canthus 
rostralis slightly rounded, loreal region steep 
and slightly concave. Tympanum indistinct but 
tympanic bulge present. Tongue long and narrow, 
broadly rounded at tip; texture rugose. Fingers 
unwebbed, but with wide flanges along entire 
length of digits 1-3, 4 th finger with only a narrow 
flange. Finger length: 3>4>2>1. Outer metacarpal 
tubercle enlarged; palmar tubercles moderately 
well-developed, especially on fingers. Metatarsal 
tubercles small with inner moderately developed; 
tubercles on plantar surface and toes also small. 
Toes with a wide flange (constricted near the 
joints) along entire length of digit; 1 st toe with 
narrow flanges. Toe length: 4>5>=3>2>1. Dorsal 
skin smooth between prominent, scattered raised 
tubercles coincident with darker markings (see 
below). Minute bluish-white tubercles scattered 
over dorsum and limbs, tending to form irregular 
networks. Throat and abdomen smooth except for 
distinct granular tissue in drink patch. 

Colour in life a dull blue-grey with dark brown 
longitudinally-aligned blotches on dorsum. Dark 
Y-shaped marking between eyes and medial blotch 
anterior to this on snout. Minute bluish-white- 
tipped tubercles scattered over dorsal surface and 
limbs. Upper arms and snout imbued with pale 
orange. Upper surfaces of limbs with strongly- 
contrasting dark bars of varying widths. The arms 
have 5-6 bars, the legs 12-14 bars with banding 
continuing along digits; thin and thick bands on 
femur and tibia align when legs folded. Lateral 
zone dark. Side of head between insertion of arm 
and upper posterior corner of eye with a dark 
brown inverted U-shaped arc enclosing a cluster 
of whitish tubercles. Upper half of iris golden, lower 
half dark brown. A squarish dark blotch beneath 


anterior corner of eye, upper lip mostly brown with 
scattered fine whitish tubercles. Canthus rostralis 
bordered with thin dark stripe. Tip of snout has a 
dark bar extending down each side from below each 
naris. Ventral surfaces dark with extensive lighter 
markings comprised of diffuse networks of blotches 
on the throat and chest, strongly contrasting white 
spots scattered on dark zones (less dense on flanks); 
an absence of pigment in the centre of the abdomen. 
Throat dark except for a thin pale medial stripe; 
white spots on chest at point of arm insertion. 
Undersides of thighs darker with fine yet distinct 
white spots; drink patch dark, rest of leg dark 
with extensive lighter mottling and spots; a central 
unpigmented patch in groin. 

Colour in preservative slate blue-grey with two 
paravertebral rows of large dark blotches which 
bear scattered short dark longitudinal lines. In 
preservative, the fine dorsal tubercles lose their 
white pigment, and the orange on upper arms and 
snout is lost. 

Variation 

The other three male specimens were similar in 
body size and shape, limb proportions, tubercles 
and digital flanges to the holotype. The blotches 
on WAM R163823 are larger and joined together 
more than the holotype and the 'Y' on the head 
between the eyes has an anterior- projecting stripe 
(Figure 3B). On WAM R167745 the 'Y' lacks the 
stem and appears as a bowed transocular bar. 
The blotch anterior and below the eye projects 
forwards in WAM R167745 and is triangular in 
WAM R167744. There are a similar number of 
bands on the limbs and digits, although the widths 
and position of the bands vary moderately. WAM 
R163823 was preserved in 100% ethanol and has a 
light ventral surface. The lighter area in the centre 
of the abdomen is narrower in WAM R167745 and 
wider in WAM R167744. In WAM R167745 there is 
an unpigmented zone around the darker glandular 
drink patch and the white spots are slightly larger 
on the undersides of the thighs. SAMA R62994, the 
female raised from a tadpole, lacks the wide digital 
flanges although the fingers appear very slightly 
fringed in life (Figure 3C). Colour in life (Figure 3D) 
is similar to males, with a dorsal colour of reddish 
brown and the large dark patches, but the marking 
between the eyes consists of four isolated spots. 

Tadpole morphology and development 

Tadpoles collected at stages 36-37 developed 
rapidly and the earliest developmental stage 
studied was stage 38. A composite description of 
tadpoles at stages 38-41 is provided. Morphometric 
measurements of one anaesthetised live tadpole 
at stage 40 and one preserved tadpole at stage 
38 are provided in Appendix 2, together with 
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measurements of a typical C. bilingua tadpole at 
stage 37 for comparison. Fully grown tadpoles are 
small, the longest specimen with a total length of 
20.5 mm and body length of 8.5 mm (preserved, 
stage 41). 

Body. Body small, rounded and wider than deep 
across abdomen. Snout rounded in dorsal view 
and deeply truncate in lateral view, especially by 
stage 41 (Figures 5 and 6). Eyes dorsolateral with 
slight anterior tilt (in life). Iris mostly golden, darker 
at each side; small dark umbraculum present on 
upper edge. At stage 38, nares small, closer to 
tip of snout than eyes and open dorsally, tilting 
more anteriorly by stage 41. Spiracle directed 
dorsoposteriorly, opens near midpoint of body well 
below horizontal body axis (almost onto venter 


in life); stretches higher up body in preserved 
specimens (Figure 5A). Vent tube dextral (type a; 
Anstis 2002), broad, opens above edge of ventral fin 
and mostly unattached to it behind. 

Tail. Dorsal fin moderately arched, in a 
symmetrical arc-shape at stage 41 (Figures 5 and 
6), tapers just before rounded tail tip. Ventral fin 
less arched. Muscle moderate at junction with body, 
tapers evenly to narrow point. 

Oral Disc. Disc is ventral in direction, and 
emarginate. No anterior papillae, single row of 
small, crowded marginal papillae around each side 
and posterior margin with occasional submarginal 
papillae in some; narrow medial gap in posterior 
papillae. Two anterior and three posterior tooth 
rows, narrow or distinct medial gap in A 2 , distinct 



Figure 5. Tadpole and mouthparts of Crinia fimbriata sp. nov., and mouthparts of C. bilingua from Howard Springs, NT. 

A, B) C. fimbriata sp. nov. stage 38, in lateral and dorsal view, scale bar = 5 mm; C) mouthparts of C. fimbriata 
sp. nov. (SAMA R62994) stage 38, scale bar = 1 mm; D) mouthparts of C. bilingua stage 37, scale bar = 1 mm. 
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Figure 6 Larval development of C. fimbriata and C. bilingua. A) C. fimbriata stage 40 (left) and stage 41, dorsal view; B) 
C. fimbriata stage 40, anterior view showing pale gold spots on snout; C) C. fimbriata stage 41, lateral view, 
spiracle outlined in white and white arrow indicates opening of spiracle; D) C. bilingua stage 39, lateral view, 
Howard Springs NT, spiracle outlined, white arrow indicates opening of spiracle; E) C. fimbriata stage 41, 42, 
dorsal view; F) C. fimbriata stage 41, ventral view; G) stage 46, metamorph. Scale bar = 5 mm. 
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gap in P 1 , P 3 short, equivalent to and just above, 
medial gap in posterior papillae. Jaw sheaths 
strongly laterally compressed, upper sheath acutely 
angled with long straight lateral processes, lower 
sheath massive and V-shaped (Figure 5C). By stage 
41, the keratin on the jaw sheaths is reducing. 

Pigmentation in life. Dorsum mostly covered with 
dull gold layer of iridophores over black layer 
beneath; irregular small dark patches or prominent 
spots that show through gaps in gold layer (Figure 
6A,C). There is a small dark patch across the base 
of the body. More advanced tadpoles develop the 
distinctive broad dark spots often later associated 
with tubercles in adults (Figure 6E). Sides of body 
black beneath with scattered gold flecks becoming 
denser towards dorsum. There is a silver-white spot 
anteriorly on each side of the snout just above the 
oral disc (Figure 6B). Ventral surface transparent 
over gut, which is bordered by melanophores; 
stippled melanophores over gills and buccal cavity, 
a few scattered gold flecks over gills, heart, down 
middle of abdomen and denser on either side of 
mouth (Figure 6C,F). Dorsal fin pigmented with fine 
melanophores, some pigmented venation; ventral 
fin less pigmented, with fine flecks posteriorly. 
Dense gold layer covers much of dark tail muscle 
except for some prominent black spots dorsally and 
a few laterally. The adult pattern becomes more 
apparent as tadpoles approach metamorphosis. 

Pigmentation in preservative. All gold and silver/ 
white pigment is lost and only melanophore 
pigment remains. The intestines are more visible 
through the sides and also the venter, which is 
mostly transparent. 

Metamorphosis. Development to metamorphosis 
is rapid once tadpoles have reached stage 
38. One newly metamorphosed froglet (SAM 
R62994) measured 7.5 mm SUF with essentially 
adult pigmentation. The dorsum is brown with 
scattered prominent black round tubercles and 
numerous minute pale blue tubercles all over the 
body and limbs; iris golden. The limbs have dark 
bands and forelimbs are paler brown (Figure 6G). 

Comparison with other species 

Adults. Crinia fimbriata sp. nov. can be 
distinguished from sympatric C. bilingua by a 
combination of the network of minute bluish-white 
tubercles over the dosal surface and limbs, the 
smooth belly and flanges on the fingers of males. 
Because of its small size, C. fimbriata sp. nov. may be 
confused with other small syntopic rock-dwelling 
Litoria species (e.g. L. meiriana, L. staccato ), but all 
potential Litoria species have expanded terminal 
discs, whereas all Crinia have no terminal discs. 

Tadpoles. Tadpoles are similar to C. bilingua , 
however, they have the most robust and laterally- 
compressed jaw sheaths of any Crinia, the sides of 


the oral disc are emarginate and marginal papillae 
are smaller and more numerous. In addition, C. 
fimbriata has a deeper more truncate snout (cf. 
Figure 6C,D) and a broader, fatter body with a 
slightly shorter tail relative to body length (body/ 
total length ratio 0.40-0.42 versus 0.36 for C. bilingua 
(see Appendix 2). Crinia fimbriata has a spiracle that 
points dorsoposteriorly in life (Figure 6C), while 
that of all other northern Crinia species points 
ventrally or ventroposteriorly (Figure 6D). Finally, 
C. fimbriata sp. nov. appears to have much less 
ventral pigmentation in life than C. bilingua (Tyler et 
al. 1983; Anstis, unpublished data). 

Habitat 

All adult specimens of C. fimbriata sp. nov. have 
been collected from shallow (to 5 cm depth) pools 
on the top of sandstone rock platforms. At both 
collection sites, pools were located on the top 
of large cliffs with running water in creeks and 
waterfalls close by. The Mitchell Plateau specimens 
were at the top of Tittle Mertens Falls and were 
encountered together while active at night (ca. 
2100 h). The pool was near the edge of the rock 
platform near the forest (ca. 20 m from the river 
and falls). The Prince Regent River specimen was 
in a shallow rock pool on the edge of a high rock 
platform (M. Barrett, pers. comm.). It was collected 
in the daytime and was sheltering in a crevice when 
it dived into the pool and remained motionless, 
even when prodded. In contrast, C. bilingua adults 
were only found associated with temporary flooded 
ponds and ditches in grassland and woodland, well 
away from rocky escarpments. 

Tadpoles at Mitchell Plateau were found in a 
temporary, shallow rock pool about 1 x 0.75 m and 
4-5 cm deep on top of a dry rocky ledge well above 
stream level. Water temperature was about 35°C at 
1100 hr. The specimen from Prince Regent River 
Nature Reserve was found in a temporary, shallow 
pool 1 m in diameter and 5 cm deep (M. Barrett and 
P. Kendrick, pers. comm.). Tadpoles are benthic and 
were mostly observed in stationary positions on the 
sandstone substrate, which was partly covered with 
some algae, silt and a few leaves. 

Etymology 

Fimbria is Fatin for 'fringed' in reference to fringes 
on adult males observed in this species. Used as a 
noun in apposition. 

Remarks 

Discovery of new tropical species of frogs in 
northern Australia is still occurring owing to 
the diverse anuran fauna and the difficulty of 
travelling to remote areas during the wet season. 
Recent discoveries include Uperoleia species from 
near Darwin (Young et al. 2005) and the northwest 
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Kimberley (Doughty and Roberts 2008), a rock hylid 
from the Kimberley (Doughty and Anstis 2007) and 
a stream-dwelling hylid from north Queensland 
(Hoskin 2007). All of these species were initially 
identified by a distinctive call. However, the call of 
C.fimbriata sp. nov. is still unknown. Criniafimbriata 
sp. nov. was discovered and collected because of 
their unusual colour and markings. As C. fimbriata 
sp. nov. and C. bilingua occur sympatrically, we 
expect their calls to be sufficiently distinct to enable 
females to choose males of their own species. 

Two features of C. fimbriata sp. nov. are unique in 
Crinia. First, the flanges on the fingers of males may 
have a functional role, but we lack any observations 
to suggest a function, and the only female has no 
flanges. Sexual dimorphism in finger flanges is 
known from Limnodynastes Fitzinger, 1843, Philoria 
Spencer, 1901 and Platyplectrum Gunther, 1863 
species, but these are possessed by females to 
help them make a foam nest of bubbles. Second, 
the unusually massive and laterally compressed 
jaw sheaths of C. fimbriata sp. nov. tadpoles readily 
distinguish them from congeners. These are likely 
to be an adaptation that increases medial rasping 
pressure of the jaw sheaths, thereby enabling these 
benthic tadpoles to remove algae embedded in the 
rock substrate of the pools where they are found. 
The less benthic tadpoles of Litoria cavernicola Tyler 
and Davies, 1979 were also found in the same pool 
and, although they have moderately keratinised jaw 
sheaths, they are not as laterally compressed as in 
C. fimbriata sp. nov. 

The existence of a basal lineage containing C. 
nimbus and C. tasmaniensis from the southern, 
temperate latitudes of Tasmania and a second 
sister lineage comprising C. fimbriata sp. nov. from 
the northern tropical latitudes of the Kimberley 
represents an interesting and somewhat perplexing 
phylogenetic pattern. Several alternative historical 
scenarios may explain the existence of highly 
divergent mitochondrial lineages with disparate 
distributions across Australia. One possible 
explanation is that the ancestral Crinia species 
were once widespread across the Australian 
continent and the pattern we see now reflects 
historical vicariance with divergence driven by the 
aridification of central Australia in the Miocene. 

The northwestern Kimberley has high 
conservation value owing to the large diversity of 
endemic frog, reptile and mammal species known 
to occur there. The discovery of C. fimbriata sp. nov. 
along with other frog species from this region in the 
last two years (Doughty and Anstis 2007; Doughty 
and Roberts 2008) highlights how little is known of 
the high rainfall zone of the northwest Kimberley. 
Although descriptions of new species greatly 
enhance our appreciation of the high diversity of 
the region, there is still much to learn about the true 


distributions, ecology, reproduction and behaviour 
of the Kimberley fauna. It is essential that the 
wilderness areas of the northwest Kimberley are 
preserved to conserve the diversity of organisms 
that occur there and the ecological processes that 
have led to the generation of this diversity. 
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Appendix 1. Crinia bilingua specimens examined (WAM 
and R prefixes excluded). 

Males - 161202, 162477, 162579, 162541, 162599, 166143, 
167709, 167851, 168070, 168085, 168140, 
168142. 

Females - 162478,167850,167962,167996,168012,168119, 
168120,168189. 

Appendix 2. Tadpole morphometries (in mm). 

Crinia fimbriata sp. nov., stage 38 (preserved): TL 19.1, BL 
8.2, BD 4.3, BW 5.6, EBW 4.1, BTM 1.8, BTMW 
1.5, TD 3.7, DF 1.5, TM 1.1, VF 1.1, IO 1.6, IN 
0.8, EN 0.6, N 0.2, SS 4.1, SN 0.8, SE 1.6, ED 
1.1, ODW1.6. 

Crinia fimbriata sp. nov., stage 40 (anaesthetised): 19.5, 7.9, 
3.9, 5.0, 4.5, 1.5, 1.6, 3.5, 1.6, 1.0, 0.9, 1.6, 0.8, 
0.6, 0.2, 4.3, 0.6,1.8,1.2,1.6. 

Crinia bilingua, stage 37 (anaesthetised): 21.7, 7.9, 4.2, 4.8, 
3.9, 2.0, 1.8, 4.0, 1.7, 1.4, 0.9, 1.1, 0.8, 0.5, 0.2, 
4.4, 0.7,1.4,1.5,1.2. 
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A new species of Thromidia (Echinodermata: Asteroidea) 
from Western Australia 
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Locked Bag 49, Welshpool DC, Western Australia 6986, Australia. 


Abstract - A fourth species of Thromidia, T. brycei sp. nov. is described in the 
family Mithrodiidae. Thromidia brycei is found on the inner continental shelf 
of Western Australia from the Houtman Abrolhos Islands to north of 80 Mile 
Beach, west of Broome. 


INTRODUCTION 

The genus Thromidia was described by Pope 
and Rowe (1977) for two new species in the 
family Mithrodiidae, T. catalai Pope and Rowe, 
1977 from New Caledonia and T. seychellesensis 
Pope and Rowe, 1977 from the Seychelles Islands; 
Mithrodia gigas Mortensen, 1935 from South Africa 
was transferred to the new genus as it shares the 
characteristics of being a large, obese mithrodiid, 
lacking the rows of large abactinal and lateral 
spines of Mithrodia. 

Since 1978 eight specimens which, despite their 
difference in colour from T. catalai were thought to 
represent the young of that species, were collected 
off north-western Australia. A ninth specimen, 
comparable in size with the type specimen of 
T. catalai, collected off the Houtman Abrolhos, 
Western Australia, made it apparent that the 
Western Australian specimens were not conspecific 
with any of the three previously described species 
and are here described as a new species, Thromidia 
brycei. 

The family Mithrodiidae was included in the 
order Spinulosida by Spencer and Wright (1966) 
and earlier authors and by Pope and Rowe (1977). 
Blake (1980, 1981) regarded the Mithrodiidae as a 
sub-family (Mithrodiinae) of the Ophidiasteridae 
in the Valvatida but in 1987, on the basis of cladistic 
analysis of skeletal characters, he restored the 
Mithrodiidae to family status with close affinities 
to Ophidiasteridae, and restricted the Spinulosida 
to a single family the Echinasteridae. A.M. 
Clark (1993) and Rowe and Gates (1995) follow 
Blake's classification, the course followed in this 
publication. 

METHODS 

All specimens were in the dry invertebrate 
collections of the Western Australian Museum, 


collected by trawling and scuba diving off 
north Western Australia. Paratypes have since 
been distributed to other museums as indicated 
under material examined. Abbreviations of these 
institutions are BMNH, Natural History Museum, 
London; USNM, United States National Museum 
at the Smithsonian Institution, Washington; 
BPBM, Bernice P Bishop Museum, Honolulu, 
Hawaii; AM, The Australian Museum, Sydney, 
NSW; WAM, Western Australian Museum, Perth. 

Abbreviations for measurements are: R, major 
radius from disc centre to arm tip; r, minor radius 
from disc centre to edge of disc; br, breadth of 
arm at base. All measurements are in mm. 

Specimens were dried after formalin fixation 
and examined by hand lens and a Zeiss stereo 
dissecting microscope. 

Order Valvatida Perrier, 1884 

Family Mithrodiidae Viguier, 1878 

Genus Thromidia Pope and Rowe, 1977 

Thromidia Pope and Rowe, 1977: 202-203 

Type species 

Thromidia catalai Pope and Rowe, 1977 by original 
designation. 

Thromidia brycei sp. nov. 

Figures 1-3 

Material examined 

Holotype 

Australia: Western Australia: off the north¬ 
western corner of the Pelsaert Group, Houtman 
Abrolhos, 28°50.48'S, 113°48.81'E, 19 April 2000, C. 
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Bryce, scuba at 43 m, rock, sand, sponges, red algae 
and corals (WAM Z1716). 

Paratypes 

Australia: Western Australia: Paratype 1: 
north-western Australia, 53 nm (115 km) N of 
"Wallal Downs", 80 Mile Beach, 18°44'S, 120°37 , E, 
2 June 1978, CSIRO on Courageous , 70 m (AM 
J24581). Paratype 2: Western Australia, north-east 
of the Montebello Islands, 20°20 , S, 115°38'E to 
20°19 , S, 115°39'E, 5 December 1979, S. Slack-Smith 
and L. Marsh on Soela , stn S01/79/42, otter trawl, 
52 m, sponges, Alcyonacea, gorgonians (BMNH 
2001.6801). Paratype 3: Western Australia, outside 
reef north of North West Island, Montebello 
Islands, 20°20.9'S, 115°29.4'E, 13 August 1993, P. 
Berry et al; scuba at 17 m, algal covered pavement 
(USNM 1114791). Paratype 4: Western Australia, 
NE of the Montebello Islands, 20°20 , S, 115°41'E 
to 20°21 , S, 115°39 / E, 5 December 1979, S. Slack- 
Smith and L. Marsh on Soela stn S01/79/40, otter 
trawl, 55-53, large sponges and Alcyonacea, 
(BPBM-W3734). Paratype 5: Western Australia, 
67 nm NNW of Dampier, 19°33.1 , S, 116°30.2'E to 
19°33.1 , S, 116°26.5 , E, 30 September 1982, L. Marsh 
and M. Bezant on Soela , stn S05/82/33, otter 
trawl, 74-82 m, sand (WAM Z13369). Paratype 6: 
Western Australia, NE of the Montebello Islands, 
20°05 , S, 115°48'E, 8 November 1981, J. Marek, 
from Taiwanese trawler, trawled c 73 m (WAM 
Z13372). 

Other material 

Australia: Western Australia: AIMS North West 
Cape Survey stn 1030802 15 nm NNE of North West 
Cape, 21°32.72'S, 114°15.78 , E, dredged, 149 m, mud 
with Bryozoa and crinoids, 8 March 2001 (WAM 
Z12020); west of Carnarvon, trawled 73 m, 1977, R. 
Walker, on Miss Boomerang (WAM Z13374). 



Figure 1 Thromidia brycei sp. nov. on algae and sponge 
covered rock substrate at 45 m, off the Hout- 
man Abrolhos Islands. 


Diagnosis 

Thromidia brycei is generally a large obese species 
of Thromidia with a fairly small disc, R/r (dry) is 
up to 280/39 mm and R ranges from about 6 to 
8 r; the five arms are more or less constricted at 
the base, widest at about 40 mm from base then 
taper to a usually slightly pointed tip; the body 
is covered by thick skin over a reticulate skeleton 
bearing tubercles 1-2.5 mm in height, covered by 
granules, the apical ones are usually convex, those 
on the sides pointed; minute spinelets between the 
tubercles are usually conical with sharp points; the 
tubercles continue at the same size and density to 
the arm tips; papular areas between the skeletal 
meshes are small, triangular to irregular in shape, 
rarely more than 5 mm in diameter with 12-30 
pores and are present on the disc, abactinal and 
actinal surfaces of the arms; in places the papular 
areas appear confluent, with up to 60 pores and 
small tubercles which arise from skeletal trabeculae 
subdividing the papular areas in large animals. The 
furrow spines are in a webbed fan of usually 11 
spines, mid-arm, their tips covered in granules in 
the larger animals, there is one subambulacral spine 
per plate, granule covered except for part of the side 
nearest the furrow spines; a smaller, often thicker 
actinal spine or tubercle is opposite every 2 nd to 4 th 
subambulacral spine, sometimes there is another 
incomplete row of enlarged actinal tubercles; the 
rest of the actinal surface is covered in tubercles as 
on the abacterial surface; pedicellariae of four or 
five, slender, upright valves, are found between the 
subambulacral and actinal rows of spines and are 
often also present on the general actinal surface, 
sometimes also on the abactinal surface of the disc 
and arms, occasionally pedicellariae are lacking 
altogether; the colour is variable, usually light pink 
to light brown, mottled with dark brown, arm tips 
undifferentiated; a few specimens are orange-pink 
with dark arm tips. Tubercles yellow to white. 

Description 

Holotype (WAM Z1716) 

A large, obese species with a small disc, five arms 
constricted at base; after preservation and drying, 
R = 270, 300, 295, 270, 260 (mean 279 mm), r = 40, 37, 
32, 40, 45 (mean 38.8 mm), R = 7.2 r, br at arm base 
is 40 mm (mean), at 40 mm from arm base it is 53 
mm (mean) (Figures 1, 2A). The skeleton, covered 
by thick skin, is composed of small plates linked 
by radiating trabeculae (Figure 2A); each plate 
and the larger trabeculae have an indented boss 
to which the tubercles are articulated; marginal 
plates are indistinguishable from other skeletal 
plates; abactinal tubercles are 2-2.5 mm high by 
1.3 mm diameter, covered apically by rounded 
polygonal granules and on their sides by small. 




A new species of Thromidia 


14 7 


pointed granules, sometimes scale like; the skin 
between the tubercles and in the papular areas 
is covered by minute spinelets or pointed thorny 
granules. The abactinal tubercles continue at the 
same size and density to the arm ends (Figure 2B). 
Papular areas in the skeletal reticulum are irregular 
in shape and size, near the arm base they are 2-5 
mm in diameter, at mid-arm some are 6 mm, often 
they are ill-defined and some have tubercles within 
attached to skeletal trabeculae; small papular areas 
have c. 12 papular pores, large confluent areas have 
up to 60 pores. On the actinal surface the tubercles 
are larger, up to 4 mm high, and more widely 
spaced, with smaller tubercles between them, 
sometimes in indistinct rows, at right angles to the 
ambulacral furrow. The furrow spines are in fans 
of 11-13, the outer ones very small, the larger ones 
are granule covered only near the tips (Figures 2C 
and 3B), there is one large, 5.0 by 1.3 mm, partly 
bare subambulacral spine per plate, rarely a small 
second spine, behind these is a row of irregular 
sized granule covered spines up to 3.5 by 1.5 mm 
opposite every second or third subambulacral 
spine; pedicellariae, in the form of a cluster of 
four or five erect spinelets (Figure 3C), are found 
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between the subambulacral and outer row of spines 
and are also scattered on the actinal surface. The 
oral plates carry a continuation of the furrow spines 
with granule-covered sub-oral spines. Contraction 
of the specimen makes it impossible to see details 
in the holotype. The madreporite is concealed by 
spines within a fold of the disc. 

Colour (alive) 

Pinkish cream with large brown blotches on disc 
and arms. Dry (after formalin fixation): the disc and 
arms are grey-brown irregularly blotched with dark 
brown, arm ends not differentiated in colour. 

Habitat and distribution 

Thromidia brycei is found on sand, mud or rock 
usually with red and brown algae or encrusting 
organisms and often with large sponges, gorgonians 
and alcyonaceans, from 17 to 149 m but most 
specimens are from 40-80 m. T. brycei is believed to 
be an endemic north-western Australian species, so 
far found from the Houtman Abrolhos (28°44'S) to 
north of 80 Mile Beach (18°44'S). 

Data for variable characters of all specimens of T. 



B 



Figure 2 Thromidia brycei sp. nov.: A-C, holotype, WAM Z1716 (dry): A, with small area cleaned to show skeletal mesh¬ 
es; B, arm tip showing even-sized tubercles extending to end; C, actinal surface showing furrow spines (see 
also Figure 3B of paratype 5 [WAM Z13369]); D, abactinal surface of paratype 1 (AM J24581), dry. 




Variable characters of T. brycei sp. nov., T. catalai, T. seychellesensis and T. gigas, all measurements in mm, except depth (m). 0 = absence, - = no data 
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Figure 3 Thromidia brycei sp. nov.: A, skeletal meshes of holotype showing articulations for tubercles; B, oblique view 
across furrow showing partly bare subambulacral spines of paratype 5 (WAM Z13369); C, closed and open 
pedicellariae of paratype 5 (WAM Z13369). 


brycei and comparative data for the holotypes and 
some other specimens of T. catalai, T. seychellesensis 
and T. gigas are presented in Table 1. Brief notes on 
other variable characters of T. brycei, particularly 
colour, follow. 

Paratype 1 (AM J24581): No pedicellariae (Figure 
2D). 

Paratype 2 (BMNH 2001.6801): The colour (dry) 
is light pinkish brown with dark 
brown blotches and dark arm tips. 
Pedicellariae on both surfaces. 
Paratype 3 (USNM 1114791): The colour (alive) was 
mottled light and dark brown, the arm 
tips not distinguished from the rest of 
the arms. No pedicellariae. 

Paratypes 4 (BPBM W-3734) and 5 (WAM Z13369): 

The colour (dry) is dark brown with 
a few lighter patches (Figure 3C, 
paratype 5). 

Paratype 6 (WAM Z13372): The colour (dry) is light 
brown with darker brown arm tips. 
Pedicellariae on both surfaces. 

WAM Z12020: This specimen is unique in having a 
few actino-lateral tubercles, 2 mm high, 
10-15 mm apart. There are five on one 
side of one arm, fewer on the others. 
The colour (alive) was orange-pink 
with arm ends cinnamon, shading to 
dark brown at the tips, no mottling. 
Pedicellariae on both surfaces. 

WAM Z13374: The colour (freshly dried) was red- 
brown with dark brown blotches and 
red-brown arm tips. Pedicellariae 
abundant on both surfaces. 


Etymology 

I have pleasure in naming this species in 
honour of Mr Clayton Bryce, who collected 
and photographed the holotype, and who has 
contributed immeasurably as dive master, 
underwater photographer, collector and Technical 
Officer in the Dept of Aquatic Zoology at the WA 
Museum for more than 25 years. 

Remarks 

The new species has been compared with 
descriptions T. catalai, T. seychellesensis and T. gigas 
and has been directly compared with specimens 
of T. catalai and T. seychellesensis from Indonesia. 
The specimen of T. catalai from Sanana Island, 
and a photograph of one from the Yu and Uta 
Islands, both in the Moluccas, agree closely with the 
original description. However the one from Sanana 
Island (WAM Z13376) has numerous pedicellariae 
on the actinal surface and a few on the abactinal 
side (unlike the holotype); the abactinal tubercles 
are up to 1.5 mm high with elongate sharply 
pointed apical granules and pointed granules on 
the sides, near the arm ends the tubercles become 
widely spaced and the surface is covered only by 
pointed granules between them: the skeletal plates 
in this area are larger than elsewhere leaving space 
for only single papulae as in the holotype; furrow 
spines are 10 near the base of the arm, 8 mid-arm 
and near the arm ends. The skeletal plates of 
T. catalai are larger and more stellate than those of 
the new species, papular areas larger and better 
defined, furrow spines are fewer and tubercles are 
widely spaced near the arm ends. The Indonesian 
specimen of T. catalai agrees closely with the type 
specimen in colour. 






A new species of Thromidia 


151 


The specimen of T. seychellesensis (WAM Z13375) 
from Pula We at the north-western tip of Sumatra 
was recorded by Marsh and Price (1991). It has 
the arms tightly folded over the actinal surface of 
the disc making it impossible to see details of the 
furrow or to make accurate measurements of R or r. 
Papular areas are 4 mm across, abactinal tubercles 
are low, rounded, with mostly smaller ones in the 
papular areas, the tubercles form a close cobbled 
pavement at the arm ends as described for the 
holotype. 

Thromidia gigas is clearly distinguished by the 
large spherical knobs up to 5 mm diameter near the 
arm ends. Mortensen (1935) recorded only 4 furrow 
spines but Pope and Rowe (1977) found 5-8 furrow 
spines on the holotype while Cherbonnier (1975) 
figured 11 spines in a specimen from Madagascar 
with 8 distally. 

Clearly the number of furrow spines is not a good 
diagnostic character while the character of the 
distal arm tubercles is a reliable character in all four 
species. T. brycei seems to be closer to T. gigas in R/r 
ratio, constriction at the arm bases, in the number of 
furrow spines and in the irregular papular areas. 

The four species of Thromidia are, as far as is 
known, not sympatric. T. catalai has been found 
in New Caledonia (the type locality), Papua New 
Guinea, the Philippines, Hawaii, Guam and the 
Ogasawara Islands (Japan) (Pope and Rowe 1977), 
from the Moluccas, Indonesia (WA Museum 
collection) and from the Great Barrier Reef, 
Queensland (Rowe and Gates 1995). T. seychellesensis 
is only known from the Seychelles (type locality) 
and the north-western tip of Sumatra (Marsh and 
Price 1991) while T. gigas is only known from South 
Africa (type locality) and Madagascar (Cherbonnier 
1975) and Zanzibar (Rowe, pers. comm.). T. brycei 
sp. nov. is so far only known from north western 
Australia. The four species are distinguished in 
the following key, modified from that of Pope and 
Rowe (1977). 

Key to species of Thromidia 

1. R/r = 6-8/1.2 

R/r <6/1 .3 

2. Arm tips with well spaced large, globular 
bosses (5 mm diameter) (eastern Africa, 

west coast Madagascar).T. gigas 

Arm tips with a continuation of the same 
size and density of tubercles as on the rest 

of the arms (north-western Australia). 

. T. brycei 

3. Arm tips with closely packed, rounded, 

convex plates, covered with even gran¬ 
ules, giving a cobbled appearance (Sey¬ 
chelles and north-western Sumatra). 

. T. seychellesensis 


4. Arm tips with well spaced small tubercles 
(Indonesia, Philippines, Japan, Papua New 
Guinea, Great Barrier Reef, Qld, New Cal¬ 
edonia and Hawaii). T. catalai 
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Abstract - In October 2002 the dredge Leonardo da Vinci arrived in Gerald¬ 
ton, Western Australia, for a major port enhancement program. It sailed from 
Jamaica, West Indies, through warm seas during the entire voyage. An arrival 
inspection in Geraldton demonstrated the stern and sea chests were fouled 
with a variety of non-indigenous marine species that could potentially be in¬ 
troduced to Geraldton, including pest species. The vessel was cleaned in water 
in Geraldton, with several steps taken to minimize the possibility of species 
being introduced. Surveys of key species of molluscs and crustaceans were un¬ 
dertaken in October 2003 and 2007. To date, none of these potential pest spe¬ 
cies have been found, except for Amphibalanus reticulatus which had already 
been recorded north and south of Geraldton. 


Keywords - Introduced marine species, mollusc, crustacean, NIMS 


INTRODUCTION 

The introduction of marine species into new 
environments is one of the leading marine 
environmental issues on a worldwide scale (Padilla 
et al. 1996). Most introduced, non-indigenous species 
cause no apparent harm in their new environments. 
For example, Huisman et al. (2008) recorded 60 
introduced marine species in Western Australia, but 
only three are on the national list of target species 
(NIMPCG 2006). A minority of the introduced 
species become pests that cause disease in native 
species and even humans, interfere with fisheries 
and aquaculture, foul industrial equipment, disrupt 
local ecosystems and/or even change the habitat 
in which they are living (Hallegraeff et al. 1988; 
Grosholz and Ruiz 1995; Siguan 2003; Schwindt et 
al. 2004; Bando 2006; Wallentinus and Nyberg 2007). 
There are three major mechanisms for introducing 
marine species: ballast water discharge; biofouling 
of vessel hulls, immersible equipment, or niche 
areas (e.g. anchor lockers, sea chests, internal 
seawater systems, etc), deliberate introductions, 
such as for aquaculture, and accidental escape from 


aquaculture facilities (Carlton 1985; Fofonoff et al. 
2003; Minchin 2007). 

Nationwide data on non-indigenous marine 
species known from Australian waters are available 
in Hewitt et al. (2002). Hewitt and Campbell (2007) 
review Australian mechanisms for prevention 
of marine bioinvasions. Port Phillip Bay, where 
the Port of Melbourne is located, has the highest 
known number of non-indigenous species in an 
Australian marine area: 99 species are regarded 
as introduced, and 61 are cryptogenic (Hewitt et 
al. 2004). In contrast, only 60 introduced species 
and 26 cryptogenic species are known from the 
entire state of Western Australia, with some 14,000 
km of coastline (Huisman et al. 2008). The greatest 
concentration (46 species) is in the Fremantle 
area, the port with the largest number of vessel 
movements and a diverse marine environment. 
Seven introduced species, none of which are pest 
species, are known from Geraldton (Campbell 2003; 
Huisman et al. 2008). 

In early October 2002 the cutter suction dredge 
Leonardo da Vinci arrived in Geraldton, Western 
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Figure 1 Map of Geraldton Harbour showing locations of the sample sites. 1. Northwest corner of harbour. 2. Berth 5, 
where the Leonardo da Vinci was berthed. 3. Berth 1, adjoining rock walls and slipway. 4. Rock groynes. 


Australia to undertake a major dredging program 
in the harbour. The vessel sailed directly to 
Geraldton from Jamaica via the warm waters of the 
tropical Atlantic Ocean, Mediterranean Sea, Suez 
Canal, Red Sea, and the Indian Ocean with only 
brief refueling stops in Egypt and the Maldives. On 
arrival inspection in Geraldton it was discovered 
that the forward sections of the hull had been 
cleaned prior to the vessel departing Jamaica, but 
the stern and sea chests (containing about 60 m 3 
of seawater) were heavily fouled with a variety 
of organisms, including several molluscs (Table 
1): Thais haemastoma (Linnaeus, 1767); T. rustica 
(Lamarck, 1822); Crepidula plana Say, 1822; and 
Brachidontes exustus (Linnaeus, 1758). A juvenile 
oyster that was too small to be identified was also 
found. The following barnacles were identified: 
Lepas anserifera Linnaeus, 1767; Chthamalus sp.; 
Striatobalanus amaryllis (Darwin, 1854) (some were 
ovigerous); Amphibalanus reticulatus (Utinomi, 1967) 
(some were ovigerous); Balanus trigonus Darwin, 
1854; and Megabalanus coccopoma (Darwin, 1854). Of 
these, all the identified species except M. coccopoma 
were previously known from Western Australia 


(Jones 1990; 1992; 2004). Megabalanus coccopoma 
occurs in the tropical East Pacific Ocean, the 
Atlantic Ocean, Gulf of Mexico and southeastern 
United States). The species has also been collected 
from vessels in New Zealand (A. Hosie, pers. 
comm.) and there is one recent record from a vessel 
at Brisbane, Queensland (D. Jones, unpublished 
data). Lour decapod crustacean species were found 
in the samples provided. As they do not occur 
in Western Australia, WAM had no comparative 
material of the species. Provisional identifications 
are: Pachygrapsus sp.; Percnon sp.; xanthid sp., 
and grapsid sp. (juvenile). Because of the lack 
of appropriate taxonomic expertise in Western 
Australia and the urgent requirement for a decision 
on how to proceed, tubeworms, an encrusting 
sponge, ascidians, hydroids, and a filamentous 
green alga were not identified to species level. 
Material collected from Leonardo is held in WAM. 

A hastily convened committee representing a 
range of government departments determined 
there was a serious risk of introducing marine 
pests into the port of Geraldton. Once in Geraldton, 
it was considered that it would be difficult 
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Table 1 Species recovered from the dredge Leonardo da Vinci and subsequent surveys of Geraldton port. 


Species 

Previously recorded 

Leonardo da Vinci 

2003 survey 

2007 survey 


in WA 




Molluscs 

Brachidontes exustus 

Cronia avellana 

X 

X 

X 

X 

Crepidula plana 

Ostrea angasi 

X 

X 


X 

Stavelia horrida 

X 



X 

Thais haemastoma 

Thais orbita 

X 

X 


X 

Thais rustica 


X 



Crustaceans 

Barnacles 





Amphibalanus amphitrite 

X 


X 

X 

Amphibalanus reticulatus 

X 

X 


X 

Austromegabalanus nigrescens 

X 



X 

Balanus trigonus 

X 

X 

X 


Chthamalus sp. 


X 



Lepas anserifera 

X 

X 



Megabalanus coccopoma 
Megabalanus tintinnabulum 

X 

X 

X 


Striatobalanus amaryllis 

X 

X 



Tetraclita squamosa 

X 



X 

Crabs 





Atergatis integerrimus 

X 



X 

Leptodius exaratus 
Pachygrapsus sp. 

X 

X 


X 

Percnon sp. 

Portunus pelagicus 

X 

X 


X 

Thalamita sima 




X 


to stop the spread of these species into other 
Western Australian and Australian ports where 
suitable environments exist. Particular concern 
was expressed about the two species of Thais. 
If distributed in WA, these oyster drills could 
potentially disrupt the pearl oyster fishery, at the 
time the largest aquaculture industry in Australia 
with an annual value of over $A 100 million. 

The dredge was too large for any of the drydocks 
in Western Australia; the nearest drydock of 
sufficient size was in Singapore, some 1500 
nautical miles away. Even if the drydock were 
available, it would take a minimum of three weeks 
to clean the vessel in Singapore. Because of the 
urgency of starting a major dredging program 
during the limited period of favourable weather, 
taking the dredge to Singapore for cleaning in 
drydock was not a viable option. The decision 
was made to immediately clean the vessel in 
water in Geraldton. A number of procedures were 
undertaken immediately to minimize the threat of 
introductions. Above water fouled portions of the 
hull were scraped; animals and plants removed 
were collected and disposed of at a terrestrial 


dumpsite. Slats of the sea chests open to the ocean 
were sealed and biodegradable detergent was added 
to the sea chests to provide a total concentration of 
5% (3 tonnes were used). The treated water was 
circulated to ensure uniform exposure to all areas. 
Detergent remained in the compartments until 
an inspection by the Department of Fisheries 48 
hours later determined that mortality of related 
test species (the gastropods Thais orbita (Gmelin, 
1791) and Turbo intercostalis Menke, 1843) placed in 
the sea chests had occurred; by this stage water 
in the sea chests was fetid. Liquid waste trucks 
were then used to remove as much treated water 
as possible prior to the slow release of remaining 
water and detergent into the port area. The stern 
of the vessel was scraped in-water by divers to 
remove fouling organisms. Material scraped fell 
into collecting bags. Prior to scraping a tarpaulin 
was placed along the berth face to prevent 
material accidentally attaching to existing wharf 
structures in inaccessible locations. After the stern 
was scraped, smaller basin dredges were used to 
extract all material on the bottom in the vicinity of 
Leonardo da Vinci and to pump it into the centre of a 
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nearby land reclamation area. 

Berth 5, where the Leonardo da Vinci had been 
berthed was surveyed on 22 October 2003, just 
over a year after the arrival of the dredge. The 
survey concentrated on the species of barnacles 
and molluscs listed above. All were shallow water 
species that extended no more than a few metres 
below the waterline. The 2003 survey concentrated 
on the pilings on the seaward side of berth 5. At 
each piling, divers descended to the bottom at 6 m 
then searched the piling from bottom to the surface 
for non-indigenous species; the muddy bottom 
was also checked. Representatives of live barnacles 
near the surface were scraped off each piling and 
identified in the laboratory. No mollusc species 
from the Leonardo da Vinci were found. The barnacle 
species collected were typical of the Western 
Australia west coast barnacle fauna and contained 
three species, all of which had been previously 
collected from the Port of Geraldton (Huisman et 
al. 2008): Amphibalanus amphitrite (Darwin, 1854), 
Balanus trigonus and Megabalanus tintinnabulum 
(Linnaeus, 1758). The only thaid gastropod found 
was the Western Australian species Cronia avellana 
(Reeve, 1846). 

A resurvey of Geraldton Harbour was undertaken 
on 24 October 2007, five years after the Leonardo da 
Vinci first arrived. Vessels were present at berths 
2, 3, 4 and 6, precluding them from examination. 
Four sites were examined by divers using similar 
techniques to the 2003 survey (Figure 1): berth 5, on 
the southwest of the harbor, where Leonardo da Vinci 
had berthed in 2002; berth 1 and adjoining rock 
walls, and an adjacent slipway on the south east; 
and rock groynes on the northeast and northern 
side of the port. The four sites gave a good coverage 
of the port. The rock groynes extended to a depth of 
about 4 m before a muddy bottom was encountered. 
As all of the species on Leonardo da Vinci were either 
attached to the vessel or in association with the 
hard substrate of the vessel, the muddy bottom of 
Geraldton harbour was not examined except to 
ensure that it was in fact all mud. 

None of the molluscs found on Leonardo da Vinci 
were found in 2007. Oysters were abundant on 
the rock groynes, but all were identified as the 
southern Australian Ostrea angasi (Sowerby, 1871). 
The only mussel found was the tropical Stavelia 
horrida Recluz, 1852, which occurs naturally 
in the region. The native thaids Cronia avellana 
and Thais orbita were found, but neither of the 
Caribbean species ( Thais haemastoma and T. rustica). 
Barnacles collected were: Tetraclita squamosa 
(Bruguiere, 1789), Amphibalanus amphitrite, A. 
reticulatus and Austromegabalanus nigrescens. Two 
species, T. squamosa and A. nigrescens, are typical 
of the Western Australia west coast barnacle 
fauna. Amphibalanus amphitrite, a cosmopolitan. 


cryptogenic species, has been previously collected 
from the Port of Geraldton (Huisman et al. 2008). 
Live specimens of A. reticulatus were identified 
from the Leonardo da Vinci. Amphibalanus reticulatus 
has been collected previously from a number of 
localities in Western Australia, both north and 
south of Geraldton, but not from Geraldton itself 
(Jones 2004; Huisman et al. 2008). Specimens 
collected in the present resurvey, near berth 1, 
indicate that this species has become established 
in the Port of Geraldton. Amphibalanus reticulatus 
is known to have originated in Japan and its 
widespread distribution has most probably been 
via ship fouling (Utinomi 1967). No introduced 
species of crabs were found. Several specimens of 
native crabs, Portunus pelagicus (Linnaeus, 1766), 
Atergatis integerrimus (Lamarck, 1801), Leptodius 
exaratus (H. Milne Edwards, 1834) and Thalamita 
sima H. Milne Edwards, 1834, were collected. 

To date the procedures employed to prevent the 
introduction of Caribbean species into Geraldton 
appear to have worked. There is always a possibility 
that there may be one or more species that have 
established breeding populations that have not yet 
increased to a level where they have been found. 
Also, there is a possibility that groups not identified 
when Leonardo da Vinci arrived, may have been 
introduced. Therefore, it is recommended that a 
resurvey be undertaken in another five years. 

The Geraldton experience has been beneficial in 
raising the profile of introduced marine pests in 
Western Australia. Ship operators are very much 
aware of the problems caused by the arrival of 
Leonardo da Vinci and the potential financial losses 
which will occur if a fouled vessel enters a Western 
Australian port and is denied entry to the port. The 
WA Environmental Protection Authority closely 
assesses all major development projects in the 
state, including marine and coastal projects. On 
EPA advice, the WA Minister for the Environment 
now routinely includes legally binding Ministerial 
Conditions that vessels entering WA waters for 
these projects are cleaned of attached species prior 
to arrival or are inspected for marine pests within 
48 hours of arrival. Leonardo da Vinci returned 
to Port Hedland, Western Australia, late in 2006 
under such Ministerial Conditions. Before coming 
to WA on this occasion it was slipped and cleaned 
in drydock in Singapore and inspected by an 
environmental consultant for the proponent and 
by an officer of the Department of Fisheries. The 
dredge was in general well cleaned. After some 
areas were further cleaned the vessel was cleared 
for entry to Western Australia, which occurred 
without incident. More recently (July 2008), Leonardo 
da Vinci was inspected by both environmental 
consultants for the proponent and officers of the 
Department of Fisheries in Abu Dhabi before 
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sailing to Western Australia. 

The evidence is that the original incident of 
Leonardo da Vinci bringing pest species into Western 
Australia was handled effectively, and the species 
do not appear to have been introduced. Following 
this experience, detailed procedures are in place to 
minimize the chances of a similar incident. 

This incident is not unique, and should serve 
to heighten awareness both that sea chests are 
important potential sources of introduced species 
and the risks posed by mobile infrastructure. 
Coutts et al. (2003) considered that sea chests 
are often overlooked as a potential source of 
introduced species. Coutts et al. (2007) followed up 
by surveying 42 vessels in New Zealand. A total 
of 150 species were recorded from the sea chests, 
approximately 15% of which were non-indigenous. 
In contrast to the restricted areas occupied by sea 
chests on most vessels, the 60 m 3 area occupied by 
those on Leonardo da Vinci were very accessible. 
Mobile infrastructure has been implicated in 
other studies, including a floating drydock that 
introduced two species of sponges and one mollusc 
into Hawaii (Eldredge and Smith 2001). Similarly, 
Foster and Willan (1979) reported barnacles being 
introduced into New Zealand by a floating oil 
platform. Mobile infrastructure such as dredges, 
oil rigs, drydocks, etc are particularly high risk 
for a number of reasons, including the fact that 
they may undertake a broad range of activities 
and may move considerable distances from one 
port to another. Often the vessels remain in port 
for extended periods, allowing the development of 
fouling communities on the hulls. The work often 
occurs in shallow waters where marine pests are 
concentrated, with equipment left in the water for 
24 hours or more in close contact with the sea floor 
(Kinloch et al. 2003). 
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A new species of the tachyine genus Tasmanitachoides from the Kimberley 
Division, Western Australia (Coleoptera, Carabidae) 
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Abstract - Tasmanitachoides mandibularis sp. nov. is described from the eastern 
margin of the Kimberley Division, north-western Western Australia. The new 
species is most similar to T. ohliquiceps (Sloane) from eastern Australia, but is 
distinguished by its smaller size, shorter and wider elytra, less distinct elytral 
striation, longer and more conspicuous pilosity on the upper surface, and 
finely punctate pronotum. The new species is inserted in the most recent key 
to the genus Tasmanitachoides. 


Keywords - taxonomy, new species, Kimberley Division, Western Australia, 
Tasmanitachoides 


INTRODUCTION 

The carabid fauna of Australia is highly diverse 
with representatives of 36 subfamilies, about 300 
genera, and almost 2,600 species and subspecies 
(Moore et al. 1987; Baehr, unpublished checklist). 
The number of undescribed or even undetected 
species certainly is substantial and may amount to 
an additional 1,000 species. Since Moore's catalogue 
(Moore et al. 1987) about 700 species have been 
described, partly in the course of generic revisions 
using the ample unidentified material present in 
various Australian and foreign collections, but also 
from material collected recently in remote areas of 
northern and interior Australia. Further application of 
both methods, revisions of those large genera which 
were not worked for about 100 years, and systematic 
sampling in little collected parts of Australia, using 
specialized sampling methods (e.g. light collecting, 
fogging, sifting, pitfall traps, intercept traps), in 
future will allow a better knowledge of the number of 
existing species and their distribution. 

During a collecting trip through northern parts 
of Western Australia and Northern Territory 
devoted to systematic light sampling at many 
water courses, a few specimens of a new species 
of genus Tasmanitachoides Erwin was collected at 
black light near sandy river beds. At the first glance 
the new species seemed very similar to the eastern 
Australian T. ohliquiceps (Sloane), but differed from 
that species in some character states of size, body 


shape and surface structure, and therefore is herein 
described as a new species. 

MATERIALS AND METHODS 

The holotype of the new species is lodged in 
Western Australian Museum, Perth (WAM), 
paratypes are in the Australian National 
Insect Collection, Canberra (ANIC), and in the 
working collection of the author in Zoologische 
Staatssammlung, Miinchen (CBM). 

The description follows the style used in my 
recent papers about Tasmanitachoides (Baehr 2008a, 
b). In view of the very small size of the specimens, 
drawing of the habitus was preferred to better show 
presence and distribution of the tactile setae, than 
would be possible when taking photographs. 

Measurements were taken with an ocular 
micrometer, using a bifocal Leitz Stereo Microscope 
which has objectives with extremely high intensity 
and very high resolution. Body length has been 
measured from apex of labrum to apex of elytra. 
Body lengths, therefore, may slightly differ from 
those specified by other authors. Length of the 
pronotum was measured from the middle of apex 
to the most advanced part of base. Length of the 
elytra was measured from the most advanced part 
of humerus to the very apex. 

For the examination of the fine though 
taxonomically important microstructure of the 
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surface up to 160 x magnification was used. For 
exact definition of the microsculpture two very 
bright Wild lamps were used that give natural light 
and can be focussed. 

SYSTEMATICS 

Family Carabidae Latreille, 1802 
Subfamily Trechinae Bonelli, 1810 
Tribe Trechodini Jeannel, 1926 
Genus Tasmanitachoides Erwin, 1972 

Tasmanitachoides Erwin, 1972: 2; Moore et al. 1987: 

144; Baehr 1990: 868; Baehr 2001: 2; Baehr 2008a: 

13; Baehr 2008b: 121. 

Type species 

Bembidion hobarti Blackburn, 1901, by original 
designation. 

Remarks 

This genus of small to very small, more or less 
elongate, Perileptus- like, mostly sand or gravel 
inhabiting ground beetles, was founded by Erwin 
(1972) who included those species that were 
placed by Darlington (1962) in his "hobarti- group" 
within the genus Tachys Dejean, 1821 sensu lato. 
Baehr (1990) revised the genus and included 
certain species not mentioned by Darlington 
nor Erwin, and described additional species. 
Three additional species from north-eastern 
Queensland and one from north-eastern New 
South Wales were described more recently (Baehr 
2001, 2008a, b). At present, this genus contains 20 
species which are distributed in eastern Australia 
(including Tasmania) and tropical northern 
Australia including the southern half of Cape York 
Peninsula and the Kimberley Division in north¬ 
western Australia. A single species (T. arnhemensis 
Erwin), however, ranges far inland into the centre 
of Western Australia and also into Central Australia 
(see Baehr 1990: Figure 45). 

Species of Tasmanitachoides combine some archaic 
bembidiine character states as enumerated by Erwin 
(1972) with characters that have similar states in the 
trechine complex. Erwin regarded these similarities 
as remnants of an archaic trechine-bembidiine 
stock, but analyses using molecular techniques 
(Maddison, pers. comm.) and the examination of the 
recently recorded larva of one species (Grebennikov 
2008) indicate that Tasmanitachoides indeed belongs 
to the trechine rather than the bembidiine stock and 
should be included in the trechine tribe Trechodini. 

The main body of the genus can be roughly 
divided into two groups which not only differ in 


colouration, but also in their preference for different 
habitat types. One group which includes the 
recently described species from Queensland and 
New South Wales (Baehr 2001, 2008a, b) (T. glabellus 
Baehr, T. balli Baehr, T. hackeri Baehr and T. hendrichi 
Baehr) prefer damp, usually montane, habitats at 
the banks of rivers and creeks in eastern Australia 
(Baehr 1990: Framenau et al. 2002), and usually 
are more or less dark coloured, whereas the other 
group consists of pale yellow or reddish species 
which mainly live in semiarid or even arid northern 
Australia and occur in sand or gravel of rivers, 
including intermittent water courses, provided that 
some pools in the river bed persist (T. arnhemensis 
Erwin, T. fitzroyi Darlington, T. katherinei Erwin and 
T. minor Baehr). 

The eastern species T. obliquiceps, however, 
is unique in two character states of external 
morphology and is mainly distinguished by its 
trapezoid pronotum and the large, voluminous head 
which bears very elongate, decussate mandibles. It 
is light coloured, and in shape and structure closely 
resembles species of the subgenus Pyrrhotachys 
Sloane, 1896 of the trechine genus Perileptus 
Schaum, 1860. Unfortunately nothing is known so 
far about its ecological requirements. 

The new species from the Kimberley region 
of northern Western Australia described in this 
paper exactly matches T. obliquiceps in all important 
group-defining character states. 

Tasmanitachoides mandibularis sp. nov. 

Figures 1-3 

Material examined 

Holotype 

Australia: Western Australia: S, Little Panton 
River crossing, 56 km N of Halls Creek, Great 
Northern Highway, 17°52.53 , S, 127°49.91'E (site 
Australia07, WA56), 339 m, 17-18 November 2007, M. 
Baehr (WAM Entomology no. 71228). 

Paratypes 

Australia: Western Australia: 1 S, 1 ?, collected 
with holotype ($, ANIC; S, CBM); 1 $, Ord River 
crossing, 102 km NNE of Halls Creek, Great 
Northern Highway (site Australia07, WA84), 296 
m, 17°28.74 , S, 127°57.11 , E, 26-27 November 2007, M. 
Baehr (CBM). 

Diagnosis 

Tasmanitachoides mandibularis most closely 
resembles T. obliquiceps from eastern Australia, 
but is smaller (<1.85 mm, T. obliquiceps >2 mm), 
with shorter and wider elytra (ratio length/width 
<1.68, T. obliquiceps >1.75), has less distinct elytral 
striation, narrower, finely but distinctly punctate 


A new species of Tasmanitachoides 


161 


pronotum, and distinct, erect pilosity on the surface 
of pronotum and elytra. 

Description 

Adult 

Measurements : length 1.72-1.84 mm; width 
0.59-0.62 mm. Ratios: width/length of pronotum 
1.28-1.32; width widest diameter/base of pronotum 
1.38-1.41; width pronotum/head 0.98-1.01; length/ 
width of elytra 1.63-1.68. 

Colour: body including mouth parts, antennae, 
and legs uniformly, more or less pale, yellow. 

Head (Figure 1): voluminous, about as wide 
as pronotum. Anterior margin of clypeus not 
impressed. Mandibles elongate, decussate, near 
apex suddenly incurved. Eyes small (in genus), 
moderately protruded, about as long as orbits, 
shortly and sparsely pilose. Orbits convex, gently 
sloping into neck. Clypeus bisetose on either side, 
labrum at apex rather deeply excised, six-setose. 
Penultimate palpomere of maxillary palpus globose, 
terminal palpomere narrow but elongate. Both 
palpi sparsely pilose. Antenna short, surpassing 
base of pronotum by about one antennomere. 



Figure 1 Tasmanitachoides mandibularis sp. nov., habi¬ 
tus (length: 1.8 mm). 


antennomeres decreasing in length towards apex, 
apical antennomeres about as long as wide. Scapus 
sparsely setose, the following antennomeres 
more densely setose. Frontal furrows deep and 
long, running from anterior margin of clypeus, 
anteriorly almost parallel, posteriorly distinctly 
divergent, surpassing the eye and almost attaining 
the posterior supraorbital seta which is far removed 
from posterior margin of the eye. Surface very 
glossy, with very sparse, fine punctures, and with 
extremely short, erect pilosity; microreticulation 
absent. Also the lateral margin behind eyes with 
very short pilosity. 

Pronotum (Figure 1): wide, much wider than long, 
markedly cordiform, widest very shortly behind 
apex, at the apical sixth, considerably narrowed to 
base. Lateral margins in anterior two thirds convex, 
then slightly sinuate to the rectangular, very acute 
basal angles. Apex straight, anterior angles not 
produced, base in middle much produced, laterally 
deeply excised. Apex and base not margined, 
lateral margin extremely narrow, no lateral channel 
developed. Dorsal surface moderately convex. 
Median line well impressed, not attaining apex, 
near base widened to a longitudinal furrow. 
Anterior transverse sulcus very shallow, transverse 
basal sulcus deeply impressed, laterally punctate, 
in middle interrupted by the deep furrow. Disk 
very glossy, without microreticulation, with sparse, 
fine, though well visible punctures and with sparse, 
fairly distinct, erect pilosity. Anterior marginal seta 
situated at widest diameter at apical sixth, posterior 
seta at basal angle. 

Elytra (Figure 1): comparatively short and wide, 
posteriorly perceptibly widened, widest in apical 
third, surface moderately depressed. Humeri 
rounded, little projected. Inner five striae indicated, 
but liitle impressed, outer striae not recognizable. 
Striae 1, 2 , and 5 originating at base, striae 3 and 4 
basally shortened, jointly arising form position of 
anterior puncture. Stria 5 anteriorly conspicuously 
bent outwards to meet the humerus. All striae 
diminishing in apical third. Striae irregularly 
impressed, posteriorly consisting of irregular 
punctures. Recurrent stria very short. Their discal 
punctures and setae present, punctures fairly 
large, located near stria 3. Umbilical punctures 
and setae reduced to four behind humerus, two in 
middle, and one each outside and inside the deeply 
impressed submarginal sulcus that forms the apical 
part of stria 7, and a short seta situated at position 
of end of stria 3. Punctures rather foveiform. The 
complete margin of the elytra sparsely and very 
shortly pilose from behind humerus. Surface very 
glossy, without any traces of microreticulation, 
intervals with irregular uniseriate punctures and 
rather distinct, erect pilosity. 

Posterior wings: fully developed. 
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Lower surface : metepisternum elongate, ca. 2 x 
as long as wide at anterior margin. Prosternum 
and abdomen with moderately sparse pilosity. 
Abdominal sternum VII in male bisetose, in female 
quadrisetose. 

Legs: protibia oblique at outer apical edge. Two 
basal tarsomeres of male protarsus asymmetrically 
widened and squamose. 

Male genitalia (Figure 2): genital ring narrow and 
very elongate, narrowed to apex, almost symmetric. 
Aedeagus rather compact, lower surface very 
slightly convex, apex rather short (in genus), obtuse 
at tip. Orificium elongate, situated at the upper 
left side. Internal sac in middle with two twisted, 
sclerotized plates coiled into each other, both 
anteriorly ending in an elongate sclerotized rod. 
Both parameres large (in group), triangular, and 
with three elongate apical setae. 

Female gonocoxites (Figure 3): both gonocoxites 
very slender and elongate. Gonocoxite 1 somewhat 
boomerang-shaped, without any setae at apical 
margin. Stylomere 2 almost straight, with a very 
elongate nematiform seta right on apex, and one 
short nematiform seta each at internal and external 
margins close to apex. 

Variation : very little variation noted between the 
specimens. 

Etymology 

The species name refers to the elongate, decussate 
mandibles of this species. 


Distribution 

Tasmanitachoides mandibularis has been found on 
the eastern margin of the Kimberley Division, north 
of Halls Creek, northern Western Australia. It is so 
far known only from two localities. The specimens 
were collected with black light near the sandy river 
beds of Little Panton River and Ord River. 

Remarks 

As discussed earlier, T. mandibularis is most 
similar to T. obliquiceps which is known from eastern 
Australia, with which the new species forms a 
unique subgroup within the genus, mainly based 
on the morphology of the head with comparatively 
small eyes and very elongate mandibles, the 
trapezoid shape of the pronotum, and the remarkably 
depressed, pilose surface of the elytra. 

The light colour, depressed body, small eyes, 
and elongate mandibles of the eastern Australian 
species T. obliquiceps suggest its occurrence in sand 
or gravel of rivers and creeks, but so far virtually 
nothing was known about its biology. Until recently, 
only the four specimens of the type series were 
available for study (Baehr 1990), although in the 
meantime I have seen several additional specimens 
from Shoalhaven River Gorge in south-eastern New 
South Wales, collected "in sand/mud", which not 
only enlarges the recorded range of this species 
considerably to the south, but also give a vague 
indication of its habitat requirements. Its apparent 
sister-species from north-western Australia, T. 




Figure 2 Tasmanitachoides mandibularis sp. nov.: Male aedeagus, left side, left and right parameres, genital ring. Scale 
lines = 0.1 mm. 
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Figure 3 Tasmanitachoides mandibularis sp. nov.: Female 
gonocoxites. Scale lines = 0.1 mm. 


mandibularis , likewise was collected near the sandy 
beds of rivers, but the specimens were collected 
using black light, which sheds little information on 
its precise habitat requirements. Some collecting by 
hand on and in the sandy banks of Little Panton 
River did not reveal any additional specimens. 

At first glance the occurrence of a close relative of 
the eastern species in the Kimberley Division seems 
surprising, but as the fauna of tropical northern 
Australia is increasingly better recorded, the 
amount of similar species, or at least, closely related 
species with comparable ecological requirements, 
in north-eastern and north-western Australia, 
respectively, is being considerably raised. In 
particular the Kimberley Division in extreme 
north-eastern Western Australia is home to many 
species that are quite similar to their eastern 
relatives in North Queensland, but usually they 
are apomorphic in certain respects and thus, 
most probably represent offspring of eastern 
species that have invaded this area but later 
were separated, and subsequently developed 
into separate but still closely related species. As 
Baehr (1992) suggested, such range extensions 
and dissections may have occurred within 
several carabid groups and, because most of the 
respective species are closely related, separation 
of the western species are considered fairly recent 
events that probably were caused by oscillations 
of climate and subsequent repeated expansion 
and retreat of vegetation zones during Glacial 
Period. 


To facilitate identification of the new species 
in the most recent complete key to the genus 
Tasmanitachoides (Baehr 2008a: 16-18) follow on to 
caption 13, which is altered as follows: 

13. Elytra parallel, depressed; eyes small, 
depressed, with well developed orbits, 
posterior supraorbital seta situated far 
behind eye (Figure 1); mandibles very 
elongate, decussate; pronotum trap¬ 
ezoid, widest shortly behind anterior 

angles; colour testaceous.13a 

Elytra less parallel and less depressed; eyes 
larger, more protruded, orbits small; 
posterior supraorbital seta situated im¬ 
mediately at posterior border of eye; 
mandibles shorter, not decussate; pro¬ 
notum laterally more convex, widest far 
behind anterior angles; colour reddish- 

testaceous to black.14 

13a. Larger species, body length > 2 mm; 
pronotum wider, ratio width/length > 
1.35; elytra longer, ratio length/width > 
1.75; pronotum impunctate; pilosity on 
pronotum and elytra barely visible even 
under high magnification (eastern New 
South Wales and eastern Queensland 

. Tasmanitachoides obliquiceps (Sloane) 

Smaller species, body length < 1.85 mm; pro¬ 
notum narrower, ratio width/length < 
1.32; elytra shorter, ratio length/width < 
1.68; pronotum finely punctate; pilosity 
on pronotum and elytra distinct, erect 

(north-western Western Australia). 

. Tasmanitachoides mandibularis sp. nov. 
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Abstract - Bohra nullarbora sp. nov. is described from a partial skeleton 
collected from a diverse Pleistocene vertebrate assemblage preserved in 
Leaena's Breath Cave, Nullarbor Plain, Western Australia. It is distinguished 
from its Nullarbor contemporary, B. illuminata, by having different cranial 
proportions, smaller cheek teeth and a relatively narrower upper premolar. 
It also differs in a number of postcranial attributes, which may reflect slight 
variation in locomotory capabilities. The unexpected discovery that, in the 
relatively recent geological past, two large arboreal kangaroos inhabited 
the now Treeless' Plain effectively highlights how little we still know about 
the Pleistocene history of Western Australia, and of the drier regions of the 
continent in general. 


INTRODUCTION 

Extant tree-kangaroos ( Dendrolagus ) inhabit the 
forests of far northeastern Queensland and New 
Guinea (Flannery 1990; Strahan 1995). Their ancestors 
appear to have evolved from terrestrial kangaroos 
some time in the latter part of the Miocene (Flannery 
1989). Tree-kangaroos are rarely preserved, or at least 
have been rarely recognised, as fossils. Flannery 
and Szalay (1982) described a large new genus and 
species of tree-kangaroo ( Bohra paulae ) from the 
Wellington Caves in central eastern New South 
Wales (Figure 1) on the basis of some hind limb 
elements. Craniodental material from the Pliocene of 
Chinchilla in Queensland was referred to the same 
genus by Dawson (2004), a decision later supported 
when the first of the new species, B. illuminata, 
was described by Prideaux and Warburton (2008) 
from Pleistocene deposits in the Thylacoleo Caves, 
Nullarbor Plain, Western Australia (Prideaux et al. 
2007; Figure 1). The holotype of B. illuminata consists 
of much of one skeleton, including the complete 
cranium. Hocknull (2005a,b) recorded remains 
referable to the genera Bohra and Dendrolagus 
from the Mt Etna cave-fills (near Rockhampton in 
Queensland) of middle Pleistocene age (Hocknull 
et al. 2007). Undescribed Pleistocene tree-kangaroo 
elements are also known from Curramulka Quarry, 


Yorke Peninsula, South Australia, and the eastern 
Darling Downs (pers. obs.; Figure 1). 

This paper describes the holotype and only 
known specimen of Bohra nullarbora sp. nov., a 
partial skeleton from Feaena's Breath Cave, one 
of the three caves near the centre of the Nullarbor 
Plain known collectively as the Thylacoleo Caves 
(Figure 1). The caves contain well-preserved 
skeletal remains of a diverse middle Pleistocene 
vertebrate fauna (Prideaux et al. 2007), including 
eight kangaroo species entirely new to science. An 
overview of the significance of the sites and likely 
palaeoenvironment was provided by Prideaux et 
al. (2007). Analyses of the functional morphology 
of the forelimb and hind limb, which confirm the 
arboreal aptitude of the Nullarbor species of Bohra, 
are presented in Harvey (2006) and Warburton 
and Prideaux (in press), respectively. Refer to 
Prideaux and Warburton (2008) for a more detailed 
comparison of Bohra and Dendrolagus. 

The holotype of B. nullarbora is registered 
in the vertebrate palaeontological collections 
of the Western Australian Museum, Perth 
(abbreviation WAM). Description style, terminology 
and mensuration follow Prideaux (2004) for the 
craniodental system, and Owen (1876), Murray 
(1995), Wells and Tedford (1995), the Nomina 
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Anatomica Veterinaria (2005), Weisbecker 
and Sanchez-Villagra (2006) and Prideaux and 
Warburton (2008) for the postcranial skeleton. 
Serial designation of the cheek dentition follows 
Flower (1867) and Luckett (1993). Upper teeth are 
designated by upper case abbreviations (e.g. P3, 
M2); lower teeth are designated by lower case 
abbreviations (e.g. il, m3). 

SYSTEMATIC PALAEONTOLOGY 

Diprotodontia Owen, 1866 

Superfamily Macropodoidea (Gray, 1821) 

Family Macropodidae Gray, 1821 

Subfamily Macropodinae Gray, 1821 

Tribe Dendrolagini Flannery, 1989 

Genus Bohra Flannery & Szalay, 1982 

Type species 

Bohra paulae Flannery and Szalay, 1982. 

Bohra nullarbora sp. nov. 

Figures 2-6, Tables 1-3 

Material examined 

Holotype 

Australia: Western Australia: WAM 05.4.70, 
partial adult cranium, partial left and right 
dentaries; vertebrae (atlas, axis, cervical 3-5, 
thoracic 1, ?5-6, ?10, ?12, dorsal lumbar fragment, 
two mid-caudal and two distal-caudal vertebrae, 
1 mid-caudal chevron), left and right clavicles, six 
ribs, humerus (left proximal and distal fragments, 
right partial diaphysis), left ulna, left radius 
(diaphysial fragment), carpals (right hamatum, left 
scaphoid), metacarpals (left and right III, left IV-V), 
manual phalanges (digits I-IV proximal; digits 
III-V medial; digits III-IV distal), innominates 
(partial left; fragments of right), left epipubic, 
femur (proximal portion of left, abraded distal 
fragments of right), tibia (right diaphysis, left distal 
diaphysis fragments), fibula (distal portion), left 
calcaneus, talus and navicular, right entocuneiform, 
metatarsals IV-V, pedal phalanges (digit II, IV-V 
proximal, digit II-V medial; digits IV-V distal) 
(Figure 1; Tables 1-2). 

Type locality and age 

The holotype was collected by P. D. Devine 
and G. J. Prideaux in July 2002 from the floor of 
Leaena's Breath Cave, Nullarbor Plain, southeastern 
Western Australia (Figure 1). Precise location and 


l imte IimCe IiwCe Jimpe 



Figure 1 Map showing Australian localities yielding 
Pleistocene tree-kangaroos. 1, Thylacoleo Caves, 
middle Pleistocene, Bohra illuminata and B. 
nullarbora ; 2, Curramulka Quarry, ?Pleistocene, 
Bohra sp. indet. (pers. obs.); 3, Wellington Caves, 
?Pleistocene, Bohra paulae (Flannery and Szalay, 
1982); 4, eastern Darling Downs, Bohra sp. indet. 
(pers. obs.); 5, Mt Etna cave-fills, Bohra sp. 
indet., Dendrolagus sp. indet., middle Pleistocene 
(Hocknull 2005a,b; Hocknull et al. 2007). 


site details are registered with the Department of 
Earth and Planetary Sciences, Western Australian 
Museum, Perth. Fossils from the cave-floor and 
upper sediment unit of Leaena's Breath Cave are 
probably early middle Pleistocene in age (Prideaux 
et al 2007). 

Diagnosis 

Distinguished from Bohra paulae by having 
smaller calcaneus with tuber calcanei less barrel¬ 
shaped, partial separation of posterior calcaneal- 
talar facets, longer sustentaculum, shorter plantar 
sulcus, calcaneal-cuboid facets flat rather than 
V-shaped in transverse plane, smaller, relatively 
longer talus, narrower trochlea, higher lateral 
trochlear crest of talus. 

Distinguished from Bohra wilkinsonorum by 
having distinctly smaller cheek teeth and by 
lacking posterobuccal accessory cusp, thin low 
buccal cingulum and thick lingual cingulum on 
P3, and distinct lingual 'hook' of postparacrista on 
upper molars. 

Distinguished from Bohra illuminata on the basis 
of the following craniodental attributes. Incisor¬ 
bearing portion of premaxilla deep; buccinator 
fossa shallow; narial aperture near-circular; 
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Table 1 Dimensions (in mm) of the cranium and dentary of the holotype of Bohra 
nullarbora sp. nov. (WAM 05.4.70) compared with those of B. illuminata 
(WAM 03.5.10). 


Dimension 

B. nullarbora 

B. illuminata 

Width across zygomatic arches 

79.5 

75.2 

Width across frontals 

ca 29.7 

23.8 

Distance between masseteric processes 

ca 49.4 

48.1 

Palatal width at Ml protoloph 

20.9 

18.6 

Palatal width at M4 protoloph 

23.4 

17.8 

Dentary depth at m2-3 

18.3 

14.4 

Dentary width at m2-3 

8.23 

7.83 


masseteric process tiny; supraorbital crest distinct, 
positioned above posterior portion of orbit, with 
distinct sulcus beneath; zygomatic arch moderately 
deep; ectoglenoid process rather wide; postglenoid 
process ventrally projected. Cheek teeth smaller 
relative to size of cranium; P3 wider anteriorly than 
posteriorly, bearing small, low posterolingual cusp 
and narrow lingual cingulum; buccal enamel on 
il forms quite thick dorsal flange, posterior end 
of ventral enamel flange very thin; lower molars 


bear low paracristid and premetacristid, with 
latter extending to centre of trigonid basin, small 
precingulid, and very low cristid obliqua. 

Distinguished from Bohra illuminata on the 
basis of the following postcranial attributes. 
Clavicle more robust and less flattened, with 
expanded articular facets and more laterally 
positioned anterior inflection. Humerus more 
robust with stronger pectoral crest, deltoid ridge, 
bicipital groove and spino-deltoid insertion, but 


Table 2 Cheek tooth dimensions (in mm) of the holotype of Bohra nullarbora sp. 

nov. (WAM 05.4.70) compared with those of B. illuminata (WAM 03.5.10). 
Abbreviations: L = length, AW = anterior width, PW = posterior width, 
AH = anterior height, PH = posterior height. 


Species 

Tooth 

L 

AW 

PW 

AH 

PH 

B. nullarbora 

P3 

8.93 

4.42 

4.14 

4.23 

3.61 


Ml 

7.39 

6.44 

6.92 

- 

- 


M2 

8.38 

7.39 

7.07 

- 

- 


M3 

8.64 

7.94 

6.62 

3.74 

3.68 


M4 

8.57 

7.14 

5.67 

3.86 

4.17 

B. illuminata 

P3 

9.40 

4.02 

5.24 

5.69 

5.27 


Ml 

7.17 

6.99 

6.69 

- 

- 


M2 

8.82 

7.50 

6.93 

4.05 

4.65 


M3 

9.41 

7.81 

7.04 

4.40 

4.74 


M4 

10.00 

7.65 

6.49 

4.68 

5.25 

B. nullarbora 

p3 

- 

- 

- 

- 

- 


ml 

6.94 

4.57 

4.58 

- 

- 


m2 

7.90 

5.44 

5.47 

- 

- 


m3 

9.12 

6.03 

6.08 

3.65 

4.32 


m4 

8.51 

6.04 

5.47 

3.76 

- 

B. illuminata 

p3 

- 

- 

- 

- 

- 


ml 

- 

4.61 

5.14 

- 

- 


m2 

8.34 

5.58 

5.71 

3.67 

4.61 


m3 

10.65 

6.56 

6.81 

5.30 

5.87 
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Table 3 Dimensions (in mm) of postcranial elements of the holotype of Bohra nullarbora 
sp. nov. (WAM 05.4.70) compared with those of B. illuminata (WAM 03.5.10) and 
B. paulae (AM F62099-F62101). Abbreviations: C, cervical; est., estimated; H, 
height; L, length; W, width; T, thoracic. 


Element 

Bohra 

nullarbora 

Bohra 

Bohra paulae 

illuminata 

VERTEBRAE 



Cl (width across postzygapophyses) 

50.6 

25.8 

C2 (centrum dimensions) 

9.2x6.8 


C2 (height including spine) 

29 


C2 (Ventral length including odontoid process) 

23.4 


C3,4 (posterior centrum width) 

8.9, 9.3 


C3,4 (centra length) 

13.8,12.5 


T1 (anterior centra dimensions) 

9.6x6.3 

81x5.7 

T1 (centrum length) 

10.7 

10.6 

T?5,6 (centra length) 

12.7,12.8 


T?10 (centrum length) 

13.8 


Mid-caudals (centra length) 

45.8, 47.2 


Distal caudal (centrum length) 

34.8 


CLAVICLE 



Length 

49.5 

42.4 

HUMERUS 



Maximum length (est.) 

110 

105 

Maximum distal width 

39 

37.4 

Width distal articular surface 

21.8 

25.5 

RADIUS 



Dimensions mid-shaft (HxW) 

9.2x72 


ULNA 



Maximum length (est.) 

150 

140 

Anteroposterior length at coronoid fossa 

13.5 

13.4 

Transverse width at coronoid fossa 

8.7 

9.0 

METACARPALS 



Metacarpal III length (left, right) 

28.4, 28.1 

22.9 

Metacarpal IV length 

25.3 

18.8 

Metacarpal V length 

20.3 

15.7 

CARPALS 



Hamatum maximum length 

10.5 

12.4 

Hamatum maximum width 

14.5 

7.8 

Hamatum maximum height 

11.3 

8.6 

Scaphoid maximum length 

9.1 


Scaphoid maximum width 

18 


Scaphoid maximum height 

6.3 


INNOMINATE 



Sacroiliac articular surface width 

26.3 


Acetabular fossa (LxW) 

23.5x23.4 

21.8x24.2 

EPIPUBIC 



Maximum length 

78.2 

62 

Articular surface (LxW) 

11.7x6.3 

- xl6.6 

FEMUR 



Maximum diaphysis length 

150 
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Element 

Bohra 

nullarbora 

Bohra 

Bohra paulae 

illuminata 

Articular head (LxW) 

23.0x21.5 


Mid-shaft dimensions (HxW) 

17.4x18.8 


TIBIA 



Maximum diaphysis length (est.) 

175 

183 

FIBULA 



Proximal epiphysis 



CALCANEUS 



Maximum length 

43.4 

36.1 

Maximum width 

27.7 

23.7 

Depth tuber calcanei 

16.5 

13.7 

Talar articulation width 

22 

19.9 

Dorsomedial facet width 

10.9 

10.0 

Dorsolateral facet width 

6.8 

6.2 

Width ventromedian facet 

8.4 

8.2 

TALUS 



Maximum length 

24.2 

21.0 

Maximum width 

28.7 

26.1 

Transverse distance between trochleas 

15.2 

14.3 

Navicular facet (head) 

11.0x9.7 

10.6x9.1 

NAVICULAR 



Maximum height 

13.3 


Length of dorsal surface 

16.1 


Dorsal transverse width 

9.6 


METATARSAL IV 



Diaphysis length 

68.6 


Proximal transverse width 

16.2 


Distal transverse width (epiphysis) 

14.9 


Metatarsal V facet 

10.4x5.1 


Sesamoid facet 

70x5.0 


METATARSAL V 



Maximum shaft length 

60.1 


Proximal transverse width 

13.9 


Distal transverse width 

11.6 


PHALANGES 



Proximal phalanx IV length 

33.6 


Proximal phalanx IV mid-width 

10.7 


Medial phalanx IV length 

23.6 


Medial phalanx IV mid-width 

9.5 


Distal phalanx IV length 

29.4 


Distal phalanx IV mid-width 

10.5 


Proximal phalanx V length 

24.1 


Proximal phalanx V mid-width 

7.1 


Medial phalanx V length 

15.4 


Medial phalanx V mid-width 

6.7 


Distal phalanx V length 

21.4 


Distal phalanx V width 

8.2 
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Figure 2 Bohra nullarbora sp. nov. Cranium and dentaries of holotype (WAM 05.4.70). A: neurocranium in dorsal view; 

B: left squamosal and alisphenoid in ventral view; C: neurocranium in lateral view; D: left premaxilla in lat¬ 
eral view; E: left maxilla in lateral view; F: Stereopair of palate in occlusal view; G: partial right dentary in 
lateral view; H: partial right dentary in mesial view; I: right il in lingual view; J: right il in buccal view; K: 
stereopair of partial right dentary in occlusal view; L: stereopair of left dentary in occlusal view; M: left den¬ 
tary in mesial view; N: left dentary in lateral view. Scale bar equals 20 mm. 
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Figure 3 Craniodental features of Bohra illuminata that 
differentiate it from B. nullarbora sp. nov. 


with lower teres major insertion; distal articular 
surface (especially capitulum) relatively narrow. 
Ilium relatively broader anteroposteriorly, with 
medial border more sinuous; marked oval fossa 
contiguous with rugose muscle scar of M. rectus 
femoris dorsal to acetabulum. Epipubic very 
large. Calcaneus larger with partial separation of 
posterior calcaneal-talar facets, shorter anterior 
plantar sulcus, better developed plantar tuberosity, 
wider sustentaculum tali, and lateral talar facet 
of calcaneus relatively narrow and less tapered 
mesially. Talus relatively longer with higher lateral 
trochlear ridge. Metatarsal IV more robust with 
larger cuboid facet, less medially constricted facet 
for metatarsal V and less rounded, less distally 
oriented sesamoid facet. Metatarsal V more robust. 

Etymology 

The species refers to the region of origin, the 
Nullarbor Plain. 

Description 

Cranium 

Incisor-bearing portion of premaxilla short and 
deep; upright portion essentially vertical. Anterior 
edge of premaxilla gently curved in lateral view 
(Figure 2D). Diastema short, straight and deflected 
anteroventrally relative to cheek tooth row; maxilla 
contributes to most of diastema length. Central 
region of diastema not preserved. Most of incisive 
foramina not preserved, but anterior remnants 
suggest they were broad, and extended anteriorly to 
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adjacent to midpoint on 13 alveolus. Most of rostrum 
not preserved, but lower portion of lateral surface 
of left maxilla reveals shallow, poorly demarcated 
posterior half of buccinator fossa (Figure 2E-F). 
Mesial portions of premaxillae not preserved, but 
narial aperture apparently near-circular. Masseteric 
process not preserved on either side of cranium, but 
enough of maxilla preserved beneath right orbit to 
indicate process was tiny and positioned adjacent 
to M2-3 abutment (Figure 2E-F). Infraorbital 
foramen opens anteriorly; positioned directly above 
posterior root of P3. Eacrimals, jugals, nasals and 
anterior half of frontals not preserved. 

Posterior part of frontal slightly concave on 
dorsal surface and bears distinct, but incomplete, 
supraorbital crest above posterior portion of 
orbit (Figure 2A). Distinct sulcus formed beneath 
supraorbital crest. Palatine bones well developed; 
palate non-fenestrate except for two small foramina 
on maxilla-palatine suture, adjacent to M3 
protoloph (Figure 2F). Palate terminates posteriorly 
adjacent to M4 metaloph. Temporal (parietal) 
crests weakly developed, confluent anteriorly 
with supraorbital crests (Figure 2A). Interparietal, 
occiput and basicranium not preserved, except 
for left alisphenoid, which is markedly extended 
posteriorly, evidently to paroccipital process (Figure 
2B). Dorsal surface of neurocranium domed (Figure 
2C). Zygomatic arch moderately deep; jugal not 
preserved, but shallow jugal fossa on squamosal 
reflects rather wide ectoglenoid process (Figure 2B). 
Zygomatic process of squamosal arises well anterior 
of occiput. Farge, ventrally projected postglenoid 
process forms posterior border of glenoid fossa 
(Figure 2C). Ectotympanic missing. Subsquamosal 
foramen large; positioned adjacent to posterior 
extremity of zygomatic process of squamosal. 

Upper Dentition 

P3 crown oriented anterodorsally at 20° to 
palatal plane (Figure 2E). P3 longer than all molars. 
Crown is wider anteriorly than posteriorly due 
to rounded eminence on buccal side, absence of 
posterobuccal accessory cusp, and small, low nature 
of posterolingual cusp (Figure 2F). Main crest 
straight and oriented along longitudinal axis of 
tooth. Posterior basin very poorly demarcated. Very 
low, rounded lingual cingulum extends smoothly 
from immediately anterior to posterolingual cusp 
to anterior end of crown. Buccal cingulum absent. 
Main crest composed of four connected cuspules, 
with anteriormost and posteriormost more distinct 
(Figure 2E). Two very weak vertical ridgelets lie 
between slightly larger eminences corresponding to 
anteriormost and posteriormost cuspules on buccal 
surface of tooth. 

Upper molars low crowned. Ml very worn, 
dentine of protoloph, metaloph and postprotocrista 




172 


G. Prideaux, N. Warburton 


breached and continuous; M2 worn, dentine of 
protoloph and metaloph crests breached; M3 
crests moderately worn, dentine breached only at 
protocone apex; M4 crests slightly worn. Protoloph 
narrow than metaloph on Ml, but wider on M2-4, 
becoming progressively more so from M2 to M4 
(Figure 2F). Ml-2 shorter relative to width than M3- 
4. Loph faces smooth with no enamel crenulations 
or secondary cristae, except for extremely slight 
eminence buccal to posterior end of postprotocrista 
on Ml, which represents cusp C portion of stylar 
crest. Preparacrista low, but distinct; maintains 
connection with paracone apex on all molars. 
Postprotocrista barely evident; manifested as 
very low, rounded eminence on posterior face of 
protoloph, and only marginally more distinct in 
interloph valley (Figure 2F). Postparacrista low 
and oriented anteroposteriorly. Premetacrista 
very weakly developed. Postmetaconulecrista 
very low near metaconule apex, and thickens only 
marginally posterodorsally as it extends across 
posterior face of metaloph. Postmetacrista very low 
and weakly developed. 

Dentary 

Ramus stout; deep relative to width, particularly 
beneath posterior molars. Depth below m3 
interlophid valley 19.8 mm; width 9.3 mm. Dentary 
depth gradually increases posteriorly from 
symphyseal region to beneath m4, where digastric 
eminence is deepest (Figure 2M,N). Diastema 
region broken, but clearly short and quite deep. 
Symphyseal plate rugose; restricted to ventral 
half of anteromesial aspect of dentary. Genial pit 
well developed. Symphysis extends posteriorly to 
beneath anterior root of p3 (Figure 2M). Anterior 
mental foramen large; positioned below anterior 
extremity of p3. Buccinator sulcus straight and 
moderately deep along entire length, extending 
from immediately behind anterior mental foramen 
to beneath m2 hypolophid. Digastric sulcus 
distinct, extending from beneath anterior end of 
medial pterygoid fossa to anteriorly to beneath m3 
protolophid (Figure 2H,M). Anterior root of vertical 
ascending ramus adjacent to portion of postalveolar 
shelf immediately posterior to m4 hypolophid 
(Figure 2G,H). Postalveolar process distinct and 
posteromesially projected. Angular process (medial 
pterygoid fossa) slightly inflated posteriorly; tip 
of angular process distinct and posteromesially 
projected. Masseteric fossa quite deep, largely due 
to laterally expanded posteroventral border. Ventral 
border of masseteric fossa at level of posterior end 
of buccinator sulcus (Figure 2N). Anterior insertion 
area for second layer of masseter muscle distinct, 
but not especially large. Masseteric foramen 
moderately large (Figure 2L), anteroventrally 
oriented and leads into masseteric canal, which 
extends to beneath m3. Inferior mandibular 


foramen egg shaped, opening largely posteriorly. 
Articular and coronoid processes not preserved. 

Lower Dentition 

Stout il upturned 20° relative to longitudinal 
axis of ramus (Figure 2N). Straight occlusal surface 
lies in same plane as longitudinal axis of ramus, 
i.e., worn at 20° relative to axis of il (Figure 2I,J). 
Lingual surface of il devoid of enamel. Extension 
of buccal enamel forms quite thick dorsal flange. 
Posterior end of ventral enamel flange very thin 
(Figure 21). 

Lower molars low crowned; ml-2 very worn, 
dentine of protoloph and metaloph crests breached; 
m3 crests moderately worn, dentine breached 
only at protoconid apex; m4 crests slightly worn. 
Protolophid and hypolophid crests only slightly 
curved posteriorly and close to parallel; oriented 
perpendicular to molar midline (Figure 2K,L). 
Lophid faces smooth; anterior faces gently sloping 
due to marked anteroposterior thickness of 
lophids, particularly toward base. Posterior portion 
of paracristid low and rounded; point at which 
paracristid inflects lies in midline of tooth at 
anterior extremity of crown. Anterior portion 
of paracristid thickened; terminates short of 
anterolingual corner creating distinct anterolingual 
notch (Figure 2K,L). Precingulid small, low and 
oriented at 45° to tooth midline. Low broad 
parametacristid most distinct on m4; extends into 
center of trigonid basin, terminating against middle 
of paracristid (Figure 2K). Cristid obliqua very low, 
barely more than a low eminence. Preentocristid 
not evident. 

Vertebrae 

Atlas (Cl) large and robust laterally, marked 
posteriorly by semicircular depressions on either 
side of small, anterior mid-dorsal crest. Halves of 
atlas unfused mid-ventrally. Lateral masses of atlas 
possess articular facets anteriorly and posteriorly. 
Anterior facets medially directed and deeply 
concave with marked dorsal lip corresponding to 
occipital condyles. Posterior concave facets very 
shallow. Transverse processes are broad and extend 
slightly ventrally. Processes constricted at base, 
then expand distally with a semicircular margin. 
Epineural canal positioned at base of transverse 
process, posterior to margin of occipital fossa. 

Axis (C2) with neural arch relatively square 
in lateral view, slightly convex anteriorly and 
thickened along dorsal border. Neural canal 
dorso-ventrally compressed resulting in oval 
section. Broad, convex prezygapophyses cover 
anterior aspect of centrum on either side of 
odontoid process. Process short (though abraded) 
and circular in section. Slender pleurapophyses 
ventrally directed. Postzygapophyses very short. 
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Figure 4 Bohra nullarbora sp. nov. Forelimb elements of holotype (WAM 05.4.70). A: incomplete right humerus in ante¬ 
rior view; B: right humerus in medial view; C: distal end of left humerus in anterior view; D: proximal end of 
left humerus in medial view; E: left humerus in anterior view; F: left clavicle in anterior view; G: left radius in 
ventral view; H: left radius in medial view; I: left ulna in dorsal view. Scale bar equals 20 mm. 


facets posteroventrally directed. Centra with 
small mid-ventral keel, and two small protuberant 
ventrolateral muscle/ligament insertion scars. 
Centra of fragmentary cervical vertebrae 3-5 
rectangular in section. Low, broad neural canal; 
stout neural arches anteriorly inclined. Anterior 
zygapophyses large rounded articular surfaces; 
posterior zygapophyses very short and broad. 
Pleurapophyses long, tapered and posteriorly 
inflected. Small parapophyses arise from anterior 
base of pleurapophyses. 

Anterior thoracic vertebrae (T) with small centra, 
semicircular in cross-section, becoming deeper 
and longer along thoracic series. Neural spine of 
T1 robust and slightly posteriorly directed. Neural 
spines of T5-6 at approximately 50° to horizontal; 
neural spines of T10-12 relatively low, and almost 
vertical. Neural canal sub-triangular in Tl; 
becomes circular through mid-post thoracic region. 
Transverse processes moderately long and rounded 
with lateral costal demifacets. 


Single fragment of lumbar vertebrae badly 
degraded and uninformative. 

Mid-caudal vertebrae large and robust. Long 
centra bear modestly developed zygapophyses. 
Neural canal present as narrow, mid-dorsal 
groove. Ventral haemal canal shallow; relatively 
broader than neural canal. Transverse diapophysial 
projections moderately wide and robust. 

Clavicle 

Robust, flattened anteroposteriorly. The sternal 
end is expanded and globular, with an oval articular 
surface and non-articular depression (Figure 4F). 
The shaft constricts, becomes compressed, then 
broadens at its acromial end. The bone is bent, 
arcing forwards in its lateral third. Obvious line 
of muscle attachment for pectoral muscles along 
anterior edge. Acromial end flattened, the concave 
ventral articular facet elongate and bounded 
by rugose ligament scars. Distinct dorso-lateral 
projection from acromial end. 
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Figure 5 Bohra nullarbora sp. nov. Hindlimb elements of holotype (WAM 05.4.70). A: left innominate in lateral view; B: 

partial left femur in anterior view; C: partial right femur in anterior view; D: right tibia in anterior view; E: 
right tibia in lateral view; F: distal end of left tibia in anterior view; G: left tibia in posterior view; H: distal 
end of left fibula in medial view; I: left fibula in distal view. Scale bar equals 20 mm. 


Humerus 

Robust humerus (Figure 4A-E) with massive 
pectoral crest, strong deltoid ridge, and deep 
bicipital groove. Accessory spino-deltoid crest as 
obvious process on proximal third of lateral surface 
of shaft; oblique line weakly developed. Distinct 
rugose insertion for humeral adductor muscles 
(teres major and/or latissimus dorsi muscle) 
evident medially with thickening of the shaft and 
obvious scars on proximal half of medial shaft. 
Distal surface of humerus transversely broad; 
capitulum large; lateral supracondylar ridge long 
and moderately developed. Medial epicondyle 
robust and transversely broad. Bar over medial 
condylar fossa particularly robust. Posterior 
olecranon fossa moderately deep. 

Radius 

Very robust radius (Figure 4G,H) with massive 
bulbous insertion for biceps brachii muscle. Shaft 


expands anteroposteriorly from below this muscular 
insertion and is compressed mediolaterally in distal 
half. Interosseous ridge strongly developed. Distinct 
muscle attachment sites for strong rotator muscles 
laterally and digital flexor muscles disto-medially. 
Proximal and distal epiphyses missing. 

Ulna 

Long ulna with transversely compressed shaft, 
anteroposteriorly expanded proximally and 
distinctly tapered distally (Figure 41). Outline of 
ulna very slightly sinuous in anterior view, arching 
laterally at shaft mid-region and curving medially 
towards the distal end. Shaft curved when viewed 
laterally, with deep ventral inflection in posterior 
third. Olecranon robustly developed. Trochlear 
(semilunar) notch and coronoid process rather 
narrow transversely, and wide longitudinally. 
Radial facet very flat, deep longitudinally; roughly 
round in shape and buttressed out slightly from 
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Figure 6 Bohra nullarbora sp. nov. Pedal elements of holotype (WAM 05.4.70). A: left calcaneus in dorsal view; B: calca¬ 
neus in plantar view; C: calcaneus in medial view; D: calcaneus in anterior view; E: left talus in anterior view; 
F: talus in dorsal view; G: talus in ventral view; H: talus in medial view; I: left metatarsal IV in lateral view; 
J: metatarsal IV in plantar view; K: metatarsal IV in dorsal view; L: metatarsal IV in posterior view; M: left 
metatarsal V in lateral view; N: metatarsal V in medial view; O: metatarsal V in plantar view; P: metatarsal V 
in dorsal view; Q: phalanges of digit IV. Scale bar equals 20 mm. 


shaft. Obvious muscular attachment for digital 
flexor with deep proximo-medial sulcus and rugose 
scar from M. brachialis anterior to the trochlear 
notch. Interosseous border bear strong ridge in 
distal half. Styloid process well-formed with 
hemispherical articular surface. 

Carpals 

Hamatum large; elongate in anterior view, 
with mesiodistal expansion for metacarpal IV 
articulation. Facet for metacarpal V concave. 
Posterior surface of hamatum comprises bulbous 
medial projection and elongate posterolateral 
process separated by oblique fossa. Posterolateral 
projection large, rounded and at its tip ventrally 
expanded. Medial projection dorsally convex, oval 
in outline, and obliquely oriented. Laterally, a short, 
irregular shelf present upon which triquetrum 
sits. Scaphoid large, transversely elongate, and 
proximodistally compressed. Proximal surface 
convex for articulation with distal radius. Medially 
expanded with round ended projection. Mesial 
surface with large, shallow concave facets for 


hamatum and capitulum; small distal facets for 
trapezoid and trapezium. 

Metacarpals and Phalanges 

Five metacarpals short and robust. Metacarpal 
I is particularly stout; remainder increase in 
relative shaft thickness from metacarpal II 
through V. Metacarpal III is longest. Asymmetrical 
proximal ends bear distinct lateral expansions 
and shallow, concave articular facets. Palmar 
surface of metacarpal shafts concave in profile; 
dorsal surface straight. Proximal phalanges long 
and thin compared to middle series. Distal carpal 
phalanges long and curved, proportionately more 
transversely compressed and gracile than distal 
tarsal phalanges. 

Innominate 

Partial left innominate consists of acetabulum, 
and fused bases of ilium, and pubis; separate 
fragments of both right and left ischial bases 
(Figure 5A). Ilium subtriangular in section; 
anterior ridge swollen at sacroiliac facet but 
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diminishes in height rapidly as it continues 
forwards. The rugose muscle scar (M. rectus 
femoris) situated immediately dorsal to 
acetabulum is irregular with both an elongate 
raised portion and a (an unusual) dorsal deep 
oval fossa. Acetabulum large and deep with deep 
acetabular fossa; dorsal ischiocotylar portion 
of articular facet large; pubocotylar articular 
(ventral) portion reduced. Base of pubis deep 
and flattened; iliopectineal tuberosity apparently 
moderately well-developed. Base of ischium 
transversely flattened. 

Epipubic 

Large, long, dorsoventrally flattened epipubic 
bones. Proximally, epipubic is ventrally thickened 
for articular surface. Ascending body of epipubic 
bone slightly laterally convex, constricting 
towards distal tip. 

Femur 

Head not quite hemispherical in shape with 
fovea located slightly posteriorly. Greater 
tuberosity large (Figure 5B). Lesser tuberosity 
obvious with a distally extended ridge (Figure 
5B). Diaphysis slightly antero-posteriorly 
compressed. Mid-posterior surface of shaft 
marked by obvious muscle scar (Figure 5C). 
Distal epiphyseal condyles badly abraded. 

Tibia 

Tibia (Figure 5D-G) with longitudinal axis 
of diaphysis straight anteroposteriorly and 
sinuous laterally in proximal third. Strongly 
developed anterior tibial crest bears laterally 
inflected anterior ridge, which ends abruptly 
approximately one-quarter along length of 
diaphysis. Fibular articulation marked on distal 
half of lateral surface of shaft. Proximal end of 
diaphysis expanded for triangular proximal 
epiphysis. 

Fibula 

Proximal epiphysis (Figure 5H,I) with large 
eminence from lateral-posterior region of 
proximal surface for articulation with femur 
epicondyle. Medially, a proximally directed 
articular shelf and elongate medial facet for 
tibial articulation. Anterior knob for origin of 
M. peroneus longus and posterior pit for tendon 
of M. popliteus are distinct. Proximal diaphysis 
transversely compressed (Figure 51). 

Calcaneus 

Tuber calcanei very broad and medially expanded 
(Figure 6A,B); rounded trapezium shape in posterior 
view. Deep sulcus crosses posterior aspect of 
tuberosity ventrolaterally from medial border. Stout 


shaft subtriangular in cross-section. Dorsomedial 
crest flattened and expands posteriorly. Broad 
plantar surface roughened and slightly concave; 
expanded posteriorly onto epiphysis (Figure 6B). 
Plantar surface interrupted anteriorly by broad 
sulcus that crosses obliquely from flexor sulcus on 
sustentaculum tali (Figure 6B). Anterior margin 
of plantar surface marked by distinct (but slightly 
abraded) plantar tuberosity on boundary of 
ventromedial facet of calcaneal-cuboid articulation. 
Sustentaculum tali broad transversely (Figure 6B); 
flexor sulcus relatively shallow and almost level 
with plantar surface anteriorly (Figure 6C). From 
medial aspect, sustentaculum tali is quite deep 
dorsoventrally, almost horizontal, and only slightly 
convex ventrally. 

Articular facets for talus expansive (Figure 6A). 
Ovoid medial facet is contiguous with sustentacular 
facet mesially. Lateral talar facet high, rounded and 
convex; expands laterally. Lateral and medial facets 
separated by distinct groove, although posteriorly 
lateral facet extends slightly medially (Figure 6A). 
Anteromedial facet for articulation with talar 
head indistinct. Subtriangular posterolateral 
aspect of lateral calcaneal-talar facet expanded 
for articulation with fibula (Figure 6D). Irregular 
concave area immediately anterior to fibular contact 
represents attachment of fibular ligaments. Large, 
broad subarticular ridge extends anteroventrally 
from fibular contact. Dorsomedial facet for cuboid 
transversely broad, ovoid and slightly convex 
(Figure 6D). Dorsolateral facet smaller and squarer 
in outline. Step between two facets smoothed and 
obliquely oriented when viewed dorsally. Narrow 
ventromedian facet contiguous with dorsolateral 
facet, and separated mesially from lateral half of 
dorsomedial facet by steep notch (Figure 6D). 

Talus (= astragalus) 

Transversely very broad, with marked medial 
expansion of medial malleolus and talar head 
(Figure 6E-H). Sub-parallel trochlear crests high, 
rounded and widely separated; medial crest 
positioned slightly more posteriorly than lateral 
crest (Figure 6F). Medial crest steeper and higher 
than lateral crest. Broad, concave trochlear sulcus 
slightly more steeply inclined medially (Figure 
6E). Greatly expanded medial malleolus separated 
from body of talus by large, circular malleolar fossa 
(Figure 6F). Medially displaced talar head obliquely 
oriented and expanded ventromedially (Figure 
6G,H). Distolateral process broad dorsoventrally. 
Two deeply concave facets for articulation with 
calcaneus dominate ventral surface of talus 
(Figure 6G). Facets separated by distinct groove. 
Posteromedially, medial facet overhung by large 
posteroventral process. Anteromedially, medial 
facet separated from articular surface of talar 
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head by wide groove across the talar neck (Figure 
6G). 

Navicular 

Robust bone, transversely compressed. Proximally 
concave for head of talus. Lateral surface concave 
for articulation with cuboid; distinct depression for 
cuboid-navicular ligaments. Distal surface marked 
by teardrop shaped dorsal facet for entocuneiform 
and elongate, irregularly shaped medial facet for 
ectocuneiform separated by distinct but irregularly 
shaped groove. Plantar surface swollen and 
medially inflected. 

Entocuneiform 

Proximally swollen and distally transversely 
compressed. Proximal facet shallowly concave 
and roughly teardrop shaped for corresponding 
surface of navicular. Medial surface smoothly 
concave. Lateral surface irregular in form with 
small dorsal facets, one proximal and one distal, 
for ectocuneiform and mesocuneiform respectively. 
Distal surface with shallow ovoid depression for 
medial aspect of head of metatarsal II. 

Metatarsal IV 

Large, dorsoventrally flattened and slightly 
expanded distally. Shaft slightly concave 
ventrally; expands gently to meet distal epiphysis 
when viewed dorsally (Figure 6K). Proximal 
epiphysis subtriangular in section and expanded 
dorsolaterally (Figure 6L). Two facets for metatarsal 
V continuous and greatly expanded transversely, 
forming elongate, ovoid, slightly concave articular 
surface (Figure 6I,J). Very slight medial constriction 
separates facets. Plantar tuberosity bears large flat, 
ovoid facet for plantar sesamoid (Figure 6J). Shallow, 
concave sulcus for articulation of metatarsals II—III 
present proximomedially. Proximal third of plantar 
surface of metatarsal IV marked by two roughened 
ridges extending distally from either side of plantar 
tuberosity (Figure 6J). Steep groove for interosseous 
connections present laterally. Distal epiphysis broad 
and convex. Medial and lateral faces marked by 
deep, circular fossae (Figure 6I,J). Medial and lateral 
plantar crests roughly equal in height. Narrow, 
high, central crest slightly displaced toward lateral 
side (Figure 6J). 

Metatarsal V 

Narrow shaft strongly curved laterally (Figure 6P) 
and markedly dorsally (Figure 6M). Small lateral 
tuberosity present on dorsal aspect of shaft below 
articular facets. Proximally, subtriangular facet 
for lateral tuberosity of cuboid slightly concave 
along dorsoventral axis. Facet extends posteriorly 
onto enlarged proximolateral tuberosity (Figure 
6P). Tuberosity elongate and rugose on swollen 
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plantar surface (Figure 60). Groove demarcating 
border of cuboid facet extends along proximal 
boundary. Facets for articulation with metatarsal IV 
combined to make single, enlarged articular area 
corresponding combined facets of metatarsal IV 
(Figure 6N). Small ventromedial process positioned 
just posterior to medial boundary of facets for 
metatarsal IV. Asymmetrical distal epiphysis 
greatly reduced on lateral side (Figure 60,P). 
Together, enlarged central and medial crests form 
trochlear articulation for proximal phalanx. 

Phalanges of Digits II-III 

Proximal and medial phalanges of digits II or III 
have been identified. Proximal phalanx elongate and 
very gracile. Proximal articular surface expanded 
from shaft and near-circular. Distal articular surface 
transversely compressed forming deep trochlea. 
Medial phalanx very small, approximately half the 
length of the proximal phalanx. Articular surfaces 
transversely compressed; proximal facet with small 
medial keel; distal facet with deep trochlear shape. 

Phalanges of Digits IV 

Proximal and, in particular, distal articular 
surfaces compressed dorsoventrally. Proximal 
articular surface elliptical and shallowly concave. 
Well-developed ventral tuberosities for plantar 
sesamoid bones separated by wide V-shaped 
groove. Distal articular surface hourglass shaped. 
Medial phalanx approximately two-thirds length 
of proximal phalanx. Stout diaphysis constricted 
between expanded articular surfaces. Proximal 
articular surface dorsoventrally compressed, 
saddle shaped and deeply concave. Expansive 
distal articular surface bears crests ventrolaterally 
oriented on ventral surface. Distal phalanx long, 
laterally compressed and hooked. 

Phalanges of Digits V 

Proximal phalanx of digit V approximately half 
size of digit IV equivalent. Proximal articular 
surface slightly ovoid and obliquely aligned, 
so that articulation with head of metatarsal V 
is asymmetrical. Sesamoid tuberosities large, 
rounded, and separated by small 'V' shaped notch. 
Medial phalanx stout. Proximal articular surface 
deeply concave. 

DISCUSSION 

The description of Bohra nullarbora brings the 
total number of described species in this genus to 
four. Features of the limbs, and in particular the 
hind foot, clearly indicate that the three species 
represented by postcranial remains (B. nullarbora , 
B. illuminata , B. paulae) were well adapted to living 
in trees. Differences between the species probably 
reflect slight variations in climbing styles and 
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abilities, and precise ecological niches occupied, as 
they do in modern species of Dendrolagus (Flannery 
et al. 1996; Harvey 2006; Warburton and Prideaux 
in press). On balance, the realisation that two 
tree-kangaroos were inhabitants, around half-a- 
million years ago, of the region we now call the 
Treeless' Plain is about as good an indication as 
one can get of how incompletely we understand 
even the relatively recent historical zoogeography 
of the Australian biota. In particular, it says two 
very interesting things. First, despite having a 
remarkably similar climate to today, the Nullarbor 
Plain was once much better vegetated, a shift that 
may have been wrought by increasing frequency 
and/or intensity of bushfires (Prideaux et al. 2007; 
Warburton and Prideaux in press). Second, tree- 
kangaroos might now be denizens of the wetter 
forests of northeastern Australia and New Guinea, 
but this was not always so. Indeed, one of the key 
advances facilitated by the relatively complete 
preservation of the fossil skeletons retrieved from 
the Thylacoleo Caves is the ongoing identification 
of incomplete tree-kangaroo specimens (e.g. partial 
jaws, isolated teeth and foot bones) from other late 
Cenozoic localities in Australia and New Guinea. 
A picture is just beginning to emerge of a diverse 
group of arboreal folivores adapted to a wide range 
of wooded habitats from rainforest (e.g. Hocknull 
2005a,b) to open woodland (e.g. Prideaux et al. 
2007), occupying niches perhaps most comparable 
with larger lemurs or monkeys elsewhere. 
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Abstract - Three new species of Ctenotus Storr, 1964 (Reptilia: Sauria: Scinci¬ 
dae), C. halysis sp. nov., C. mesotes sp. nov. and C. vagus sp. nov. are described. 
Previously confused with C. decaneurus Storr, 1970 or C. alacer Storr, 1970, C. 
halysis sp. nov. and C. vagus sp. nov. are members of the C. atlas species com¬ 
plex. Ctenotus mesotes sp. nov. was previously confused with C. tantillus Storr, 
1975 and is a member of the C. schomburgkii species complex. The new taxa 
are terrestrial, occurring in woodland habitats on sandy soils in the Kimberley 
region of Western Australia and are distinguished from congeners by combi¬ 
nations of body patterns, mensural and meristic characteristics. Comments 
are provided on the taxonomic status of C. yampiensis Storr, 1975 which is 
considered, as in the original description, a subspecies of C. decaneurus. Re¬ 
descriptions of C. d. decaneurus and C. d. yampiensis are provided. 


Keywords - Ctenotus alacer, decaneurus, yampiensis, halysis, mesotes, tantillus, 
vagus, morphology, new species, Kimberley region. Western Australia 


INTRODUCTION 

Ctenotus Storr, 1964 is the most species-rich genus 
of scincid lizards in Australia, with almost 100 taxa 
recognised (Horner 2007; Wilson and Swan 2008). 
They are distributed throughout the Australian 
continent, with one species also occurring in 
southern New Guinea. 

With about 49 species recorded (Wilson and 
Swan 2008), the Australian arid zone (up to 70% 
of the continent) is the primary centre of Ctenotus 
diversity. However it is becoming increasingly 
apparent that diversity may be just as great in 
Australia's wet-dry tropical savanna regions, where 
approximately 36 known species occur in what is 
about 15% of the continent. Throughout their range 
Ctenotus species are commonly sympatric (pers. 
obs.), particularly in parts of the Great Victoria 
Desert in Western Australian where up to seven 
species can be found in a single, Triodia dominated, 
sand plain (Pianka 1986). 

Typically diurnal, Ctenotus occupy a diverse 
array of habitats, ranging from arid deserts to 
temperate woodlands. Many species exhibit a high 
degree of habitat specificity and may have very 
restricted distributions (Horner 1995). Sharing a 
basic body plan, Ctenotus species are differentiated 


by combinations of size, scale characteristics, body 
colour and patterns. 

Examination of a series of Ctenotus specimens, 
from the Kimberley region of Western Australia, 
identified three forms with unusual body 
patterns. Comparison of these to known species 
of similar appearance, investigating morphology 
and nomenclatural histories, resulted in their 
recognition as undescribed taxa. 

This paper, on morphological and distributional 
grounds, describes those three taxa as new 
species and examines the taxonomic status of 
populations referred to C. decaneurus Storr, 1970 
and C. yampiensis Storr, 1975. Comparisons are 
made between the new taxa and those species with 
which they could be confused and features of their 
habitats are described, if known. 

MATERIALS AND METHODS 

A series of atypical Ctenotus specimens, held 
in collections of the Museum and Art Gallery of 
the Northern Territory (NTM) and the Western 
Australian Museum (WAM), were examined and 
assigned to three undescribed species. A detailed 
morphometric and meristic analysis was made 
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Table 1 Summary of mensural and meristic variables for Ctenotus alacer, C. d. decaneurus, C. d. yampiensis and C. haly- 
sis sp. nov. Presented are mean (± 1 SD), mode (meristics only) and range in parentheses. 


Character 

C. alacer 
(n=10) 

C. d. decaneurus 
(n=28) 

C. d. yampiensis 

Vn=4) 

C. halvsis sp. nov. 
(n=10) 

midbody scale rows 

29.8 ± 1.03, 30 (28-32) 

25.5 ± 1.29, 26 (24-28) 

30.5 ± 1.29, 0 (29-32) 

29.0 ± 1.15, 30 (27-30) 

paravertebral scales 

67.9 ± 4.93, 70 (60-75) 

58.5 ± 5.10, 55 (50-67) 

59.0 ± 2.00, 60 (56-60) 

59.6 ± 4.22, 59 (52-67) 

nuchal scales 

7.7 ± 1.16, 9 (6-9) 

8.1 ± 1.78, 8 (2-10) 

7.0 ± 1.83, (5-9) 

8.6 ± 1.07, 9 (6-10) 

supralabial scales 

8.3 ± 0.48, 8 (8-9) 

7.6 ± 0.49, 8 (7-8) 

8.0 ± 0.00, 8 (8) 

7.8 ± 0.42, 8 (7-8) 

infralabial scales 

7.1 ± 0.32, 7 (7-8) 

6.6 ± 0.49, 7 (6-7) 

7.0 ± 0.00, 7 (7) 

7.0 ± 0.00, 7 (7) 

supraciliary scales 

7.1 ± 0.32, 7 (7-8) 

8.2 ± 0.53,8 (7-9) 

8.0 ± 0.00, 8 (8) 

8.0 ± 0.67, 8 (7-9) 

ciliary scales 

10.0 ± 0.67,10 (9-11) 

9.4 ± 0.64, 9 (9-11) 

10.7 ± 0.96,10 (10-12) 

10.8 ± 0.92,10 (10-12) 

ear lobules 

3.9 ± 0.74,4 (3-5) 

4.1 ± 0.63,4 (3-5) 

4.2 ± 0.50,4 (4-5) 

4.9 ± 0.74, 5 (4-6) 

sub digital lamellae (4 th finger) 

14.3 ± 0.67,14 (13-15) 

12.7 ± 1.04,12 (11-15) 

14.0 ± 0.82,14 (13-15) 

14.0 ± 0.82,14 (13-15) 

supradigital lamellae (4 th finger) 

10.3 ± 0.48,10 (10-11) 

10.0 ± 0.66,10 (9-11) 

10.0 ± 0.00,10 (10) 

10.2 ± 0.42,10 (10-11) 

subdigital lamellae (4 th toe) 

26.6 ± 2.07, 29 (23-29) 

20.7 ± 1.69, 21 (18-23) 

21.0 ± 1.41, 22 (19-22) 

21.7 ± 1.06, 21 (20-23) 

supradigital lamellae (4 th toe) 

17.0 ± 1.41,17 (15-20) 

15.0 ± 1.19,15 (13-17) 

14.7 ± 1.26,15 (13-16) 

16.0 ± 1.25,15 (15-18) 

snout-vent length (mm) 

57.5 ± 5.32 (47.6-67.4) 

45.1 ± 4.82 (35.3-54.5) 

50.3 ± 1.92 (48.8-53.1) 

52.7 ± 4.84 (44.9-58.5) 

body length (%svl) 

53.7 ± 1.75 (51.5-57.5) 

51.3 ± 2.47 (46.1-56.1) 

51.4 ± 2.85 (48.4-54.8) 

48.2 ± 3.55 (42.3-54.3) 

tail length (%svl) 

195.3 ± 10.22 
(188.1-202.5) (n=2) 

216.4 ± 20.28 
(183.1-251.1) (n=14) 

0 (n=0) 

205.7 ± 23.23 
(181.1-231.0) (n=4) 

forelimb length (%svl) 

29.7 ± 1.50 (27.0-32.4) 

28.1 ± 2.36 (22.9-33.0) 

29.0 ± 0.48 (28.3-29.4) 

28.8 ± 2.16 (25.5-32.3) 

hindlimb length (%svl) 

51.3 ± 3.49 (47.4-58.0) 

43.4 ± 3.77 (34.7-49.8) 

46.4 ± 2.41 (43.1-48.5) 

46.7 ± 2.54 (42.3-50.0) 

forebody length (%svl) 

38.4 ± 1.32 (36.1-40.5) 

39.7 ± 1.93 (36.3-43.7) 

39.3 ± 0.84 (38.1-40.1) 

40.5 ± 2.28 (37.6-43.8) 

head length (%svl) 

20.1 ± 1.05 (18.5-21.4) 

20.2 ± 1.14 (18.1-22.4) 

20.3 ± 0.42 (20.0-20.9) 

20.8 ± 1.01 (19.3-22.3) 

head depth (%hl) 

53.7 ± 4.65 (47.5-61.1) 

47.3 ± 3.82 (39.8-58.9) 

50.0 ± 5.77 (41.4-53.7) 

50.3 ± 3.50 (45.8-57.0) 

head width (%hl) 

64.6 ± 2.33 (60.7-67.6) 

60.2 ± 2.85 (52.2-67.3) 

63.9 ± 3.19 (61.3-68.4) 

60.2 ± 2.31 (56.3-63.9) 

snout length (%hl) 

42.8 ± 1.61 (41.0-45.9) 

43.8 ± 2.24 (40.2-50.4) 

44.5 ± 1.76 (42.7-46.6) 

44.5 ± 2.74 (40.8-49.7) 

supraocular (largest) 

subequal 100% 

second 57% 
subequal 43% 

second 25% 
subequal 75% 

second 40% 
subequal 60% 

prefrontal (contact point) 

separated 90% 
narrow contact 10% 

contact 25% 
separated 75% 

contact 50% 
separated 50% 

contact 50% 
separated 50% 

nasal (contact point) 

narrow separation 80% 
broad contact 20% 

contact 43% 
separated 57% 

separated 100% 

separated 100% 

presubocular (presence) 

present 100% 

present 100% 

present 100% 

present 100% 

subocular (supralabial) 

6 th labial 70% 

7 th labial 30% 

5 th labial 36% 

6 th labial 64% 

6 th labial 100% 

5 th labial 20% 

6 th labial 80% 

ear lobule (largest) 

upper 10% 
mid 90% 

upper 61% 
mid 39% 

mid 100% 

mid 100% 

sub digital lamellae (condition) 

callose 100% 

callose 100% 

callose 100% 

callose 100% 
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Table 2 Summary of mensural and meristic variables for Ctenotus vagus sp. nov., C. tantillus and C. mesotes sp. nov. 
Presented are mean (± 1 SD), mode (meristics only) and range in parentheses. 


Character 

C. vagus sp. nov. 
(n=2) 

C. tantillus 

(n=38) 

C. mesotes sp. nov. 
(n=ll) 

midbody scale rows 

26.0 ± 0.00, (26) 

27.0 ± 1.33,28 (24-28) 

29.4 ± 1.29, 30 (28-32) 

paravertebral scales 

59.0 ± 2.83, (57-61) 

60.8 ± 3.45, 61 (53-68) 

63.0 ± 3.32, 63 (57-68) 

nuchal scales 

8.0 ± 0.00, (8) 

7.8 ± 1.47, 8 (5-10) 

7.2 ± 1.17, 6 (6-9) 

supralabial scales 

8.0 ± 0.00, (8) 

7.0 ± 0.16, 7 (7-8) 

7.1 ± 0.30, 7 (7-8) 

infralabial scales 

7.0 ± 0.00, (7) 

6.6 ± 0.54, 7 (6-8) 

6.0 ± 0.00, 6 (6) 

supraciliary scales 

8.0 ± 0.00, (8) 

7.9 ± 0.39, 8 (7-9) 

8.1 ± 0.54, 8 (7-9) 

ciliary scales 

9.5 ± 0.71, (9-10) 

9.3 ± 0.75, 9 (8-11) 

10.1 ± 0.54,10 (9-11) 

ear lobules 

4.0 ± 0.00, (4) 

2.9 ± 0.52, 3 (2-4) 

2.9 ± 0.30, 3 (2-3) 

subdigital lamellae (4 th finger) 

14.0 ± 0.00, (14) 

12.7 ± 1.07,12 (11-15) 

13.6 ± 0.82,14 (12-15) 

supradigital lamellae (4 th finger) 

10.0 ± 0.00, (10) 

10.1 ± 0.49,10 (9-11) 

10.1 ± 0.70,10 (9-11) 

subdigital lamellae (4 th toe) 

23.0 ± 1.41, (22-24) 

22.0 ± 1.32,22 (19-26) 

22.4 ± 1.37, 22 (20-25) 

supradigital lamellae (4 th toe) 

15.5 ± 0.71, (15-16) 

14.8 ± 1.14,14 (12-17) 

15.4 ± 0.93,16 (14-17) 

snout-vent length (mm) 

43.8 ± 0.01 (43.8-43.9) 

39.2 ± 3.18 (32.5-46.4) 

37.7 ± 4.67 (25.7-41.5) 

body length (%svl) 

50.2 ± 2.98 (48.0-52.3) 

53.5 ± 3.24 (46.2-60.2) 

52.4 ± 2.01 (48.9-54.9) 

tail length (%svl) 

246.5 ± 0.00 
(246.5) (n=l) 

202.6 ± 15.53 
(167.1-230.8) (n=19) 

211.3 ± 6.30 
(206.8-218.5) (n=3) 

forelimb length (%svl) 

30.8 ± 0.44 (30.5-31.2) 

28.4 ± 1.92 (24.2-32.5) 

29.9 ± 2.09 (27.3-34.6) 

hindlimb length (%svl) 

51.1 ± 2.79 (49.2-53.1) 

44.8 ± 3.00 (38.1-52.3) 

48.1 ± 1.83 (44.7-50.4) 

forebody length (%svl) 

42.6 ± 1.13 (41.8-43.4) 

39.3 ± 2.12 (34.8-43.0) 

40.0 ± 2.24 (36.7-44.8) 

head length (%svl) 

20.8 ± 0.47 (20.5-21.1) 

21.5 ± 1.02 (19.3-23.6) 

21.7 ± 1.05 (20.5-23.7) 

head depth (%hl) 

52.8 ± 1.65 (51.7-54.0) 

53.1 ± 4.39 (44.7-62.8) 

46.8 ± 4.51 (40.2-55.5) 

head width (%hl) 

61.5 ± 1.85 (60.2-62.8) 

62.6 ± 3.64 (56.0-70.7) 

59.9 ± 3.80 (55.1-67.0) 

snout length (%hl) 

42.6 ± 1.45 (41.5-43.6) 

41.6 ± 2.20 (38.4-46.5) 

44.1 ± 1.87 (41.1-47.7) 

supraocular (largest) 

subequal 100% 

second 97% 
subequal 3% 

second 91% 
subequal 9% 

prefrontal (contact point) 

separated 100% 

separated 100% 

separated 100% 

nasal (contact point) 

narrow separation 50% 
broad contact 50% 

narrow contact 8% 
broad contact 92% 

narrow contact 73% 
broad contact 27% 

presubocular (presence) 

present 100% 

present 100% 

present 100% 

subocular (supralabial) 

6 th labial 100% 

5 th labial 97% 

6 th labial 3% 

5 th labial 91% 

6 th labial 9% 

ear lobule (largest) 

upper 100% 

upper 100% 

upper 100% 

subdigital lamellae (condition) 

callose 100% 

keeled 100% 

keeled 100% 
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of these and of species with which they could be 
easily confused. 

Mensural and meristic data were recorded from 
preserved material and are summarised in Tables 
1 and 2. Morphometric characters were measured, 
under an illuminated magnifying lens, with 
electronic digital callipers to the nearest 0.1 mm. 
Unless noted otherwise, condition of bilaterally 
present characters was recorded from the right 
side. Status of tails as original or regrown was 
determined by assessment of caudal scalation and 
colouration. Sex was determined through a mid- 
ventral incision, made in the posterior quarter of 
body. Primary colouration and body pattern of each 
specimen was also recorded. Nomenclature for 


scalation and body pattern follows that of Horner 
(1991). Definition of measurements and counts taken 
follow those given in Horner (1991) and Horner and 
Fisher (1998) with the exception of nuchal scales, 
which are given as a total number rather than those 
in one of two series. 

Small sample sizes, lack of a comprehensive 
phylogeny and unavailability of genetic samples for 
some of the new taxa, precluded detailed statistical 
or molecular analyses. 

TAXONOMY 

Employing the generic diagnoses provided 
by Storr (1964) and Cogger (2000), specimens 
examined were assigned to the scincid genus 


Table 3 Content of two Ctenotus species-groups, giving generalised distribution for each taxon. Note 
addition of C. rawlinsoni, previously considered a member of the C. lesueurii group (Wilson and 
Knowles 1988) or C. australis group (Storr et al. 1999), but which also fits criteria for the C. atlas 
species-group. 


Taxa 

Primary distribution (Wilson and Swan 2008) 

Ctenotus atlas species-group 

C. alacer Storr, 1970 

central Australia, north-west Qld 

C. ariadnae Storr, 1969 

central Australia 

C. atlas Storr, 1969 

arid southern Australia 

C. decaneurus decaneurus Storr, 1970 

far northern WA and NT, north-west Qld 

C. decaneurus yampiensis Storr, 1975 

Kimberley region, WA 

C. duricola Storr, 1975 

mid-west coast of WA 

C. dux Storr, 1969 

central Australia 

C. halysis sp. nov. 

Kimberley region, WA 

C. iapetus Storr, 1975 

mid-west coast of WA 

C. impar Storr, 1969 

south-west WA 

C. piankai Storr, 1969 

arid north WA, western NT, north-west SA 

C. quattuordecimlineatus (Sternfeld, 1919) 

arid central WA, south-west NT, north-west SA 

C. rawlinsoni Ingram, 1979 

north-east Qld 

C. storri Rankin, 1978 

northern NT 

C. vagus sp. nov. 

Kimberley region, WA 

C. xenopleura Storr, 1981 

south-west WA 

C. zasticus Storr, 1984 

mid-west coast of WA 

Ctenotus schomburgkii species-group 

C. allotropis Storr, 1981 

central NSW, mid-south Qld 

C. brooksi (Loveridge, 1933) 

arid central and western Australia 

C. euclae Storr, 1971 

south-east WA, south-west SA 

C. mesotes sp. nov. 

Kimberley region, WA 

C. pallescens Storr, 1970 

central NT, east Kimberley WA 

C. schomburgkii (Peters, 1863) 

arid central and western Australia 

C. strauchii strauchii (Boulenger, 1887) 

north-east Qld, north-west NSW, south-east SA 

C. strauchii varius Storr, 1981 

central Australia 

C. taeniatus (Mitchell, 1949) 

east-central Australia, western Vic, south-east SA 

C. tantillus Storr, 1975 

Kimberley region WA, north-west NT 
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Ctenotus Storr, 1964 on the following external 
morphological characters: parietal scales in contact 
behind interparietal; lower eyelids moveable and 
scaly; limbs pentadactyl; supranasal scales absent; 
nasal scale undivided; body scales smooth; lower 
secondary temporal scales overlapping upper 
temporal scale; colour pattern containing dorsal 
and lateral longitudinal stripes; and anterior ear 
lobules usually present. 

Storr (1981; Storr et al. 1999) separated Western 
Australian Ctenotus into ten species-groups. 
Based on morphological similarity, these species- 
groups are not necessarily natural but function 
in clustering similar species together. Following 
Storr's lead, Wilson and Knowles (1988) recognised 
12 species-groups to encompass all Australian 
Ctenotus. Of the three taxa described in this work, 
two were placed in Storr's C. atlas species-group 
(Table 3) by the following five character states 
in combination: small to medium size; digits 
compressed; subdigital lamellae with an obtuse 
keel or narrow to moderately wide callus; second 
supraocular not much wider than first or third and 
simple body pattern of dark ground colour with 
6-20 whitish longitudinal stripes (upper lateral zone 
spotted in a few taxa). The remaining new taxon 
was placed in Storr's C. schomburgkii species-group 
(Table 3) by having the following combination of 
character states: very small and slender; digits 
strongly compressed; subdigital lamellae with a 
fine keel ending in a mucron; long, narrow snout; 
dark vertebral stripe narrow or absent; usually a 
dark laterodorsal stripe enclosing, or interrupted 
by, pale spots, short dashes or transverse bars; 
dark upper lateral zone enclosing pale dots, spots 
or short dashes or interrupted by pale, squarish, 
window-like marks. 

Status of Ctenotus decaneurus yampiensis Storr, 
1975 

Some detail is required to resolve uncertainty that 
surrounds the taxonomic status and nomenclature 
of Ctenotus decaneurus yampiensis. Storr's original 
description of C. d. yampiensis was based on three 
specimens from Wotjulum Mission Station, Western 
Australia (Storr 1975). In a later publication, 
and without formal comment, Storr et al. (1981) 
gave revised meristic data from the same three 
specimens (Smith 2002) and elevated the taxon to 
specific status. 

Inadvertently, as determined by Smith (2002), 
Storr's (1975) description sourced data from a 
composite series of six specimens representing two 
distinct taxa, namely colour and body pattern from 
C. d. yampiensis (WAM R11740-2) and measurements 
from C. militaris (WAM R11795-7). These two taxa 
were described in the same volume (Storr 1975), 
with the description of C. militaris preceding 



Figure 1 Neotype of Ctenotus decaneurus yampiensis 
Storr, 1975. WAM R11741, Wotjulum, Kim¬ 
berley region. Western Australia, 16°14'S 
123°38'E. Scale bar = 10 mm. 


that of C. d. yampiensis by four pages and having 
taxonomic priority. Confusion with C. d. yampiensis 
nomenclature resulted from Storr (1975) designating 
WAM R11795 as holotype and R11796-7 as 
paratypes. Unfortunately, these numbers belong to 
specimens of C. militaris (Smith 2002) and rendered 
Storr's new subspecific name a junior synonym of 
C. militaris. 

When this error was recognised Smith (2002), 
to stabilise nomenclature, proposed designation 
of a neotype for C. yampiensis. Subsequently 
the International Commission on Zoological 
Nomenclature (ICZN), in Opinion 2090 (ICZN 
2004), set aside previous type fixations and 
designated specimen number WAM R11741 (Figure 
1) (sometime labelled by Storr as the 'type of 
Ctenotus yampiensis') as neotype for C. yampiensis. 
Since 1975, only one additional specimen (WAM 
R166899) has been confidently identified as C. 
yampiensis. 

Comparison of variables recorded from each of 
the four known C. yampiensis and a comparative 
series of 28 C. decaneurus (Table 1) identified 
divergence in snout-vent length (SVL) (v 51.4 vs 
45.1 mm), midbody scale rows (^ 30.5 vs 25.5), 
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ciliary scales 10.7 vs 9.4) and fourth finger 
subdigital lamellae (x 14.0 vs 12.7). Of these, 
substantial overlap existed in SVL (range 48.8-53.1 
vs 35.3-54.5 mm), ciliary scales (range 10-12 vs 
9-11) and fourth finger subdigital lamellae (range 
13-15 vs 11-15) and body colour and patterning 
were indistinguishable. 

In literature C. decaneurus is usually cited as 
having a midbody scale row count of up to 26 
(Horner 1991; Storr et al. 1999; Wilson and Swan 
2008), where a higher range of 24-32 is given 
(Cogger 2000) C. yampiensis had been included in 
the description as a subspecific component of C. 
decaneurus. Although populations of C. decaneurus 
from north-west Queensland were not examined 
for this study, eastern-most Northern Territory 
specimens (NTM R13837, R17896, R27867) have low 
midbody counts of 24 and Queensland specimens 
are therefore expected to conform to the range 
given (Table 1). Also in literature (Wilson and 
Swan 2008), C. yampiensis is recorded from Mount 
Elizabeth Station, Western Australia, located 
approximately 200 km from its known range (Storr 
1975; this study). Those Mount Elizabeth records are 
herein determined to be representatives of a new 
taxon described in this study, not C. yampiensis. 

In summary, the only character which reliably 
distinguished C. yampiensis from C. decaneurus was 
a higher midbody scale row count (range 29-32 vs 
24-28). Having an obviously close morphological 
relationship, but apparently disjunct distributions 
and some morphological differentiation, C. 
yampiensis is herein considered (as in the original 
description) an incipient biological species and a 
subspecific component of the polytypic taxon C. 
decaneurus. 

Ctenotus Storr, 1964 

Type species 

Lacerta taeniolata Shaw, 1790 (= Ctenotus taeniolatus 
[White, 1790]), by original designation. 

Ctenotus decaneurus Storr, 1970 

Ctenotus decaneurus Storr, 1970:104 

Ctenotus decaneurus yampiensis Storr, 1975: 235 

Diagnosis 

A moderately small member (SVL to 54.5 mm) 
of the C. atlas species-group, distinguished from 
congeners by having three of four supraoculars 
in contact with frontal, frontoparietals paired, 
prefrontals usually separated, eight supralabials, 
laterally compressed toes with callose subdigital 
lamellae, prominent pale mid-lateral stripe, black 
ground colour with usually ten pale stripes on 


body, dark vertebral stripe, unpatterned dark upper 
lateral zone, pale paravertebral stripes not fused 
posteriorly. 

Subspecies 

Ctenotus decaneurus is a polytypic taxon comprised 
of two subspecies: C. d. decaneurus Storr, 1970 and C. 
d. yampiensis Storr, 1975. 

Ctenotus decaneurus decaneurus Storr, 1970 
Ten-lined Ctenotus 

Figures 2,3, Table 1 

Description 

Prefrontal scales usually in contact (75%). Nasal 
scales in contact (57%) or separated by rostral and 
frontonasal scales. Frontoparietal scales paired. 
Interparietal scale distinct. Loreal scales two, second 
usually larger than first. Upper and lower preocular 
scales present. Presubocular scale present. Nuchal 
scales 2-10 (V 8.1). Supraciliary scales 7-9 (V 
8.2), median three or four much smaller than first 
three and final scale in series. Ciliary scales 9-11 ( 
x 9.4). Supralabial scales 7-8 ( x 7.6), sixth usually 
under eye (64%), occasionally fifth. Infralabial 
scales 6-7 (x 6.6). Ear lobules 3-5 (x 4.1), central 
lobule usually largest in series. Midbody scale rows 
24-28 (x 25.5). Paravertebral scales 50-67 (x 58.5). 
Subdigital lamellae moderately callose (100%), 11-15 
below fourth finger (V 12.7), 18-23 below fourth 
toe (x 20.7). Supradigital scales above fourth finger 
9-11 (V 10.0), above fourth toe 13-17 (V 15.0) (Table 
1). 

SVL to 54.5 mm (V 45.1 mm). Percentages of 
SVL : Body length 46.1-56.1% (x 51.3%); tail length 
183.1-251.1% (x 216.4%, n = 14); forelimb length 
22.9-33.0% (x 28.1%); hindlimb length 34.7-49.8% 
(x 43.4%); forebody length 36.3-43.7% (x 39.7%); 
head length 18.1-22.4% (x 20.2%). Percentages of head 
length: head depth 39.8-58.9% (x 47.3%); head width 
52.2-67.3% ( x 60.2%); snout length 40.2-50.4% (x 
43.8%) (Table 1). 

Sex ratio favoured males (18:9) and was 
significantly different from parity (X 2 = 3.00). 

Colour and pattern (in spirit) 

A black Ctenotus with longitudinally aligned, 
simple body pattern of 8-10 narrow pale stripes 
(Figure 2). Examined specimens conformed to the 
following description. 

Dorsal ground colour black. Back patterned with 
six narrow, whitish stripes (paired paravertebrals, 
dorsals and dorsolaterals). Back stripes equal 
in width, about one quarter as wide as a mid- 
paravertebral scale. Paravertebral stripes extend 
from parietal region onto tail, dorsal stripes from 
fourth supraocular to base of tail and dorsolateral 
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Figure 2 Holotype of Ctenotus decaneurus decaneurus 
Storr, 1970. WAM R23130, 21 miles WNW of 
Newry Station, Northern Territory, Australia, 
15°59'S 129°00'E. Scale bar = 10 mm. 


stripes from over eye onto tail. Lateral surfaces 
of body black, patterned with whitish midlateral 
and lower lateral stripes. Midlateral stripe (most 
prominent in body pattern), about as wide as a 
mid-lateral scale, extends from upper ear, over 
limbs and onto tail. Lower lateral stripe, similar 
in width to mid-lateral stripe, extends from lower 
ear through forelimb to groin. In some specimens 
the lower lateral stripe lacks a lower dark margin 
and merges seamlessly with ventral surface, giving 
a body pattern of eight rather than ten stripes. 
No specimen examined had more than ten body 
stripes. 

Head brownish, patterned with dark mottling 
and pale subocular stripe from loreals to upper ear 
(continuous with midlateral stripe). Tail brownish, 
patterned with continuations of major body 


stripes. Limbs black dorsally, patterned with two 
(forelimbs) or three (hindlimbs) pale stripes. Ventral 
surfaces immaculate white, underside of limbs and 
tail creamish. 

Comparison with other species 

Ctenotus d. decaneurus is distinguished from 
most congeners by being medium sized, having 
compressed digits, callose subdigital lamellae and 
a simple body pattern of dark ground colour with 
10 whitish longitudinal stripes. In combination 
these characters place it among the 17 members 
of the C. atlas species-group (Table 3). From most 
species-group co-members it may be distinguished 
by disjunct distribution and number of pale stripes. 
Only C. d. yampiensis , C. halysis sp. nov., C. vagus 
sp. nov. and C. piankai share a Kimberley region 
distribution and only C. atlas, C. d. yampiensis and 
C. vagus sp. nov. share ten pale stripes and an 
unspotted upper lateral zone. 

Further distinguished from C. alacer, C. ariadnae, 
C. halysis sp. nov. and C. xenopleura by lack of pale 
spotting in upper lateral zone and number of 
midbody scale rows (26 instead of 28 or more). From 
C. atlas, C. dux and C. quattuordecimlineatus by fewer 
midbody scale rows (26 instead of 28 or more) and 
usually separated nasal scales. From C. impar and 
C. storri by fewer infralabial scales (seven instead 
of eight), more midbody scale rows (26 instead of 
24 in C. storri) and dark vertebral stripe (pale in C. 
impar). From C. rawlinsoni, C. iapetus and C. zastictus 
by fewer fourth toe subdigital lamellae (23 or less 
instead of 24 or more). From C. duricola by fewer 
midbody scale rows (26 instead of 28 or more). From 
C. piankai by usually having prefrontals separated 
(instead of in contact) and black, instead of brown, 
ground colour. 

Ctenotus d. decaneurus is easily confused with 
C. vagus sp. nov., but is distinguished by having 
well defined pale dorsal stripes (between pale 
paravertebral and dorsolateral stripes), by having 
fewer fourth toe subdigital lamellae (usually 21 
instead of 23) and shorter hindlimbs (usually 43.4% 
of SVL, instead of 51.1%). 

Distinguished from conspecific C. d. yampiensis by 
fewer midbody scale rows (usually 26 instead of 30). 

Distribution 

Kimberley region of northern Western Australia 
to the Top End of the Northern Territory (Figure 
3), with an apparently disjunct population in arid 
western Queensland. 

Ecology and habits 

Prefers rocky habitats such as stony hills and 
ranges, where it shelters under small rocks and 
vegetation (Horner 1991). 
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Figure 3. Map of north-western Australia showing distributions of Ctenotus d. decaneurus (circles), C. d. yampiensis (tri¬ 
angles), C. halysis sp. nov. (stars) and C. vagus sp. nov. (diamonds). 


Ctenotus decaneurus yampiensis Storr, 1975 
Yampi Ctenotus 
Figures 1,3, Table 1 

Description 

Prefrontal scales in contact or separated. Nasal 
scales separated by rostral and frontonasal scales. 
Frontoparietal scales paired. Interparietal scale 
distinct. Loreal scales two, second usually larger 
than first. Upper and lower preocular scales 
present. Presubocular scale present. Nuchal scales 
5-9 (a 7.0). Supraciliary scales 8, median three or 
four much smaller than first three and final scale 
in series. Ciliary scales 10-12 (jv 10.7). Supralabial 
scales 8, sixth under eye. Infralabial scales 7. Ear 
lobules 4-5 (^ 4.2), central lobule usually largest 
in series. Midbody scale rows 29-32 (^ 30.5). 
Paravertebral scales 56-60 (^ 59.0). Subdigital 
lamellae moderately callose, 13-15 below fourth 
finger (;v 14.0), 19-22 below fourth toe (a 21.0). 
Supradigital scales above fourth finger 10, above 
fourth toe 13-16 (x 14.7) (Table 1). 

SVL to 53.1 mm (^ 50.3 mm). Percentages of SVL: 
Body length 48.4-54.8% (3c 51.4%); tail length 
unknown; forelimb length 28.3-29.4% (x 29.0%); 
hindlimb length 43.1-48.5% (^ 46.4%); forebody 
length 38.1-40.1% (3c 39.3%); head length 20.0-20.9% 


(v 20.3%). Percentages of head length : head depth 
41.4-53.7% (3c 50.0%); head width 61.3-68.4% (3c 
63.9%); snout length 42.7-46.6% (3c 44.5%) (Table 1). 

Colour and pattern (in spirit) 

A black Ctenotus with longitudinally aligned, 
simple body pattern of 8-10 narrow pale 
longitudinal stripes (Figure 1). Examined specimens 
did not significantly differ from the colour and 
pattern given for the nominate subspecies. 

Comparison with other species 

Comparison given for conspecific C. d. decaneurus 
applies equally to this taxon, except for those taxa 
which share a high midbody scale row count (C. 
alacer, C. ariadnae, C. atlas , C. duricola , C. dux, C. 
halysis sp. nov., C. quattuordecimlineatus and C. 
xenopleura). 

Distinguished from C. alacer, C. ariadnae, C. halysis 
sp. nov. and C. xenopleura by lack of pale spotting 
in upper lateral zone and from C. atlas, C. duricola, 
C. dux and C. quattuordecimlineatus by usually 
separated nasal scales (instead of in contact). 

Distinguished from conspecific C. d. decaneurus 
by more midbody scale rows (usually 30 instead of 
26). 
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Distribution 

Vicinity of Collier Bay, west coast of the Kimberley 
region of Western Australia (Figure 3). Recorded 
from Wotjulum and Wilson Point (south of Kuri 
Bay). 

Ecology and habits 

Unknown, although presumed similar to that 
of nominate subspecies. As illustrated in Figure 
3, the distribution of C. d. yampiensis is apparently 
disjunct to that of C. d. decaneurus. 

Ctenotus halysis sp. nov. 

Chained Ctenotus 

Figures 4-8, Table 1 

Holotype 

Australia: Western Australia: WAM R166157, 
an adult male (Figure 4), Cuckoo Hill, Doongan 
Station, Kimberley region. Western Australia, 
15°23 , 18"S 126°20T5"E. Collected by J. Reside on 10 
August 2006. Found under rocks in woodland over 
grasses. 

Measurements (mm) and scale counts: SVL 54.9; 
tail length 105.3; body length 26.9; forelimb length 
14.9; hindlimb length 25.0; head width 6.5; head 
depth 5.5; snout length 4.7; head length 10.9; forelimb 
to snout length 21.5; nasals broadly separated; 
prefrontals broadly contacting; supraciliaries seven; 
ciliaries 12; supralabials eight; infralabials seven; 
nuchal scales nine; ear lobules four, second from top 
lobule largest in series; subdigital lamellae under 
fourth finger 15, under fourth toe 23; supradigital 
scales above fourth finger 10, above fourth toe 16; 
midbody scale rows 28; paravertebral scales 61. 

Paratypes 

Australia: Western Australia : NTM R27626, 
R27627, north of Drysdale River turn-off on 
Kalumburu Road, 15°36 , 21"S 126°21 , 26"E; WAM 
R58099-100, 129 km south of Wyndham, 16°25'S 
128°13 , E; WAM R83679, 30 km north-west of 
Mount Elizabeth, 16°09'S 125°58'E; WAM R163237, 
1 km east of Dora Creek, Mornington Station, 
17°11 , 56"S 126°18 , 20 ,, E; WAM R163238-9, Dora 
Creek, Mornington Station, 17°00'36"S 126°18'03"E; 
WAM R166158, Doongan Station, 15°23'18"S 
126°20T5"E. 

Diagnosis 

A moderately small member (SVL to 58.5 mm) 
of the C. atlas species group, distinguished from 
congeners by having three of four supraoculars in 
contact with frontal, frontoparietals paired, eight 
supralabials, laterally compressed toes with callose 
subdigital lamellae, prominent pale mid-lateral 
stripe, black ground colour with ten or more pale 



Figure 4 Holotype of Ctenotus halysis sp. nov., WAM 
R166157, Cuckoo Hill, Doongan Station, Kim¬ 
berley region. Western Australia, 15°23T8"S 
126°20T5 ,/ E. Scale bar = 10 mm. 


stripes on body, dark vertebral stripe, dark upper 
lateral zone patterned with longitudinal series of 
narrow pale streaks. 

Description 

Prefrontal scales in contact or separated. Nasal 
scales broadly to narrowly separated by rostral and 
frontonasal scales. Frontoparietal scales paired. 
Interparietal scale distinct. Loreal scales two, 
second usually larger than first. Upper and lower 
preocular scales present. Presubocular scale present. 
Nuchal scales 6-10 (V 8.6). Supraciliary scales 7-9 
(^ 8.0), median three or four much smaller than 
first three and final scale in series. Ciliary scales 
10-12 (x 10.8). Supralabial scales 7-8 (x 7.8), sixth 
usually under orbit (80%), occasionally fifth (20%). 
Infralabial scales 7 (100%). Ear lobules 4-6 (x 4.9), 
central lobules largest in series. Midbody scale rows 
27-30 (x 29.0). Paravertebral scales 52-67 (x 59.6). 
Subdigital lamellae moderately callose (100%), 13-15 
below fourth finger (V 14.0), 20-23 below fourth 
toe (x 21.7). Supradigital scales above fourth finger 
10-11 (x 10.2), above fourth toe 15-18 (3c 16.0) 
(Table 1). 

SVL to 58.5 mm (x 52.7 mm). Percentages of SVL: 
Body length 42.3-54.3% (V 48.2%); tail length 
181.1-231.0% (x 205.7%, n = 4); forelimb length 
25.5-32.3% (x 28.8%); hindlimb length 42.3-50.0% 
(x 46.7%); forebody length 37.6-43.8% (3c 40.5%); 
head length 19.3-22.3% (x 20.8%). Percentages of 
head length : head depth 45.8-57.0% (x 50.3%); head 
width 56.3-63.9% (V 60.2%); snout length 40.8- 
49.7% (3c 44.5%) (Table 1). 
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Colour and pattern (in spirit) 

A blackish Ctenotus with longitudinally aligned, 
complex body pattern dominated by 10-12 narrow 
pale longitudinal stripes and bilateral series of 
longitudinally aligned, chain-like series of pale 
streaks in upper lateral zones (Figures 4-8). 
Examined specimens conformed to the following 
description. 

Dorsal ground colour black to blackish brown. 
Back patterned with six narrow, creamish white 
stripes (paired paravertebrals, dorsals and 
dorsolaterals). Back stripes equal in width, about 
one third as wide as a mid-paravertebral scale 
and extend from parietal region to base of tail. 
Lateral surface of body blackish brown, patterned 
with whitish midlateral and one or two lower 
lateral stripes. Upper lateral zone patterned with 
longitudinally aligned, chain-like, series of whitish 
streaks and spots, extending from temporal region 
to groin. In some specimens the upper lateral spots 
may merge posteriorly, forming a narrow pale 
stripe. Prominent midlateral stripe is about half 
as wide as a midlateral scale, extends from ear, 
over forelimb and onto tail. Lower lateral zone is 
about two thirds as wide as upper lateral zone, 
and patterned with one, occasionally two, narrow 
continuous whitish stripes extending from neck to 
groin. Lower lateral zone coalesces into pale venter. 

Head brownish, patterned with dark mottling 
and obscure pale subocular stripe. Tail brownish, 
patterned with continuations of major body stripes. 
Limbs dark brown dorsally, patterned with darker 
blotches and stripes. Ventral surfaces immaculate 
white, underside of limbs and tail creamish. 

In life, large adults (Figure 6) are less intensely 
patterned than juveniles and subadults. The latter 
commonly have the head and anterior half of body 


Figure 5 Paratype of Ctenotus halysis sp. nov. in life. 

NTM R27626, north of Drysdale River turn¬ 
off on Kalumburu Road, Kimberley region. 
Western Australia, 15°36'21"S 126°21'26"E. 



Figure 6 Paratype of Ctenotus halysis sp. nov. in life. 

WAM R163238, Dora Creek, Mornington Sta¬ 
tion, Kimberley region. Western Australia, 
17°00'36"S 126°18'03"E. Photo by Ray Lloyd. 


suffused with russet (Figures 5 and 7). This is most 
intense on the head and nape, virtually replacing 
the blackish ground colour. 

Comparison with other species 

Ctenotus halysis sp. nov. is distinguished from 
most congeners by being medium sized, having 
compressed digits, callose subdigital lamellae and 
a simple body pattern of dark ground colour with 
10-12 whitish longitudinal stripes. In combination, 
these characters place it in the C. atlas species-group 
(Table 3). Distinguished from most species-group 
co-members by distribution and body pattern. Only 
C. d. decaneurus, C. d. yampiensis , C. piankai and C. 
vagus sp. nov. share a Kimberley region distribution 
and only C. xenopleura shares ten pale stripes and a 
spotted upper lateral zone. 

Further distinguished from C. ariadnae, C. atlas, C. 
duricola, C. iapetus, C. piankai, C. quattuordecimlineatus, 
C. storri, and C. zastictus by having nasal scales in 
contact rather than separated. From C. d. decaneurus 
and C. d. yampiensis by having more ciliary scales 
(12 instead of 10 or less), more supradigital scales 
over the fourth toe (18 instead of 15) and a deeper 
head (51.3% of SVL instead of 50.0% or less). From 
C. impar by having a dark (instead of pale) vertebral 
stripe, from C. rawlinsoni by having more ciliary 
scales (10-12 instead of 8-9) and fewer ear lobules 
(4-5 instead of 7-8) and from C. vagus sp. nov. by 
more midbody scale rows (usually 30 instead of 
26). From C. dux by having fewer pale stripes (12 
instead of 18 or more), more supraciliary scales (8 
instead of 7) and separated nasal scales (instead of 
usually in contact). From C. xenopleura by having 
more supralabial (8 instead of 7), supraciliary (8 
instead of 7) and ciliary scales (12 instead of 9), and 
by having 2 or 3 narrow pale lateral stripes rather 
than 1 or 2 broad stripes. 
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Figure 7 Juvenile of Ctenotus halysis sp. nov. in life. 

Mornington Station, Kimberley region. West¬ 
ern Australia. Photo by Ray Lloyd. 


Ctenotus halysis sp. nov. is most easily confused 
with C. alacer but is distinguished by having 
fewer paravertebral scale rows (59 instead of 70) 
and fourth toe subdigital lamellae (22 instead of 
29), more supraciliary scales (8 instead of 7) and 
a narrower head (60.2% instead of 64.6% of head 
length). Further differs by having one or two 
distinct pale lower lateral stripes rather than a 
blotched or immaculate lower lateral zone and 
having a slender series of upper lateral pale streaks 
and spots instead of large elongate spots and 
blotches. 

Distribution 

Central to eastern Kimberley region, northern 
Western Australia (Figure 3). Recorded from 
Doongan Station, Mornington Wildlife Sanctuary, 
Drysdale River Station, 30 km north-west of Mount 
Elizabeth and 129 km south of Wyndham. 

Ecology and habits 

Largely unknown. Ray Lloyd (pers. comm.) 
records specimens from Mornington Wildlife 
Sanctuary as occurring on sandy loam/gravel 
among low rocky hills, primarily in rocky areas 
with a sparse cover of spinifex (' Triodia ) and Snappy 
gums (Eucalyptus brevifolia). Lloyd also notes activity 
mostly occurs early morning and late afternoon, 
shelter is taken in small, shallow holes excavated 
in sand beneath rocks and specimens are abundant 
where they occur. Drysdale River specimens were 
also found under rocks embedded in sandy loam/ 
gravel in low open woodland amongst low rocky 
hills (pers. obs.). 

Etymology 

From the Greek noun halysis , meaning chain; in 
reference to the chain-like string of upper lateral 
streaks prominent in this taxon. 


Ctenotus vagus sp. nov. 

Uneven-striped Ctenotus 

Figures 9-10, Table 2 

Holotype 

Australia: Western Australia: WAM R103008, 
adult female (Figure 9), Purnululu (Bungle Bungle) 
National Park, Western Australia, 17°19'00"S 
128°27 , 00 ,, E. Collected by N. Gambold on 16 June 
1989. 

Measurements (mm) and scale counts: SVL 43.8; 
tail length 108.1; body length 21.1; forelimb length 
13.7; hindlimb length 23.3; head width 5.6; head 
depth 4.8; snout length 3.7; head length 9.0; forelimb 
to snout length 19.0; nasals in broad contact; 
prefrontals broadly separated; supraciliaries eight; 
ciliaries ten; supralabials eight; infralabials seven; 
nuchal scales eight; ear lobules four, uppermost 



Figure 8 Specimens of Ctenotus halysis sp. nov., illus¬ 
trating the range of variation seen in body 
patterning. From A-F: WAM R166158, WAM 
R163239, NTM R27627, WAM R58099, WAM 
R58100 and NTM R27626. Scale bar = 10 mm. 
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largest in series; subdigital lamellae under fourth 
finger 14, under fourth toe 22; supradigital scales 
above fourth finger 10, above fourth toe 15; midbody 
scale rows 26; paravertebral scales 61. 

Paratype 

Australia: Western Australia: WAM R50505, 
Drysdale River National Park, 14°48'00"S 
126°57 , 00"E. 

Diagnosis 

A moderately small member (SVL to 43.9 mm) 
of the C. atlas species group, distinguished from 
congeners by having three of four supraoculars in 



Figure 9 Holotype of Ctenotus vagus sp. nov., WAM 
R103008, Purnululu (Bungle Bungle) Na¬ 
tional Park, Western Australia, 17°19'00"S 
128°27'00"E. Scale bar = 10 mm. 


contact with frontal, frontoparietals paired, eight 
supralabials, laterally compressed toes with callose 
or obtusely keeled subdigital lamellae, prominent 
pale mid-lateral stripe, dark ground colour with ten 
or more pale stripes on body, dark vertebral stripe, 
unpatterned dark upper lateral zone and poorly 
defined dorsal stripes. 

Description 

Prefrontal scales separated. Nasal scales in 
contact or separated by rostral and frontonasal 
scales. Frontoparietal scales paired. Interparietal 
scale distinct. Loreal scales two, second usually 
larger than first. Upper and lower preocular scales 
present. Presubocular scale present. Nuchal scales 
8. Supraciliary scales 8, median three or four much 
smaller than first three and final scale in series. 
Ciliary scales 9-10 9.5). Supralabial scales 8, 

sixth under orbit. Infralabial scales 7. Ear lobules 
4, uppermost largest in series. Midbody scale rows 
26. Paravertebral scales 57-61 (x 59.0). Subdigital 
lamellae moderately callose, 10 below fourth finger, 
22-24 below fourth toe ( x 23.0). Supradigital scales 
above fourth finger 10, above fourth toe 15-16 (jc 
15.5) (Table 2). 

SVL to 43.9 mm (x 43.8 mm). Percentages of 
SVL: Body length 48.0-52.3% (3c 50.2%); tail 
length 246.5% (n = 1); forelimb length 30.5-31.2% ( 
x 30.8%); hindlimb length 49.2-53.1% (5c 51.1%); 
forebody length 41.8-43.4% (x 42.6%); head length 
20.5-21.1% ( x 20.8%). Percentages of head length: head 
depth 51.7-54.0% (5c 52.8%; head width 60.2-62.8% 
(x 61.5%); snout length 41.5-43.6% (5c 42.6%) (Table 
2 ). 

Colour and pattern (in spirit) 

A dark brown Ctenotus with longitudinally 
aligned, simple body pattern of 8-10 narrow 
pale longitudinal stripes (Figure 10). Examined 
specimens conform to the following description. 

Dorsal ground colour dark brown. Back 
patterned with six or eight narrow pale stripes 
(paired paravertebrals, dorsals, laterodorsals 
and dorsolaterals). Whitish paravertebral and 
dorsolateral stripes are prominent, about half as 
wide as mid paravertebral scale, and extend from 
parietal region onto tail. Pale brown dorsal (and 
laterodorsal when present) stripes are narrower 
than paravertebral stripes and extend from parietal 
region to rump. Dorsal stripes are occasionally 
discontinuous with ragged edges and, when paired 
with similarly ragged laterodorsal stripes, may 
appear as a broad brown dorsal zone with dark 
brown central mottling. Lateral surface of body 
dark brown, patterned with whitish midlateral 
and lower lateral stripes. Midlateral stripe, about 
as wide as a mid-lateral scale, extends from ear, 
over limbs onto tail. Lower lateral stripe indistinct. 
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usually extends from axilla to groin. Lower lateral 
zone coalesces into pale venter. 

Head light brown with paler snout, dorsally 
patterned with dark mottling and laterally with 
pale temporal blotches and pale subocular stripe. 
Tail brownish, patterned with continuations 
of major body stripes. Limbs brown dorsally, 
patterned with three (forelimbs) or four (hindlimbs) 
dark brown stripes. Ventral surface immaculate 
white, underside of limbs and tail creamish. 

Comparison with other species 

Ctenotus vagus sp. nov. is distinguished from 
most congeners by being medium sized, having 
compressed digits, callose subdigital lamellae 
and a simple body pattern of dark ground colour 
with 10-12 whitish longitudinal stripes. In 
combination, these characters place it in the C. 
atlas species-group (Table 3). From most species 
group co-members it may be distinguished by 
body pattern and disjunct distribution. Only C. 
atlas, C.d. decaneurus, C. d. yampiensis, C. iapetus 
and C. impar share 10-12 pale stripes and an 
unspotted upper lateral zone and only C. d. 
decaneurus, C. d. yampiensis, C. halysis sp. nov. and 
C. piankai share a Kimberley region distribution. 

Further distinguished from C. ariadnae, C. 
atlas, C. dux, C. iapetus, C. piankai and C. 
quattuordecimlineatus by having prefrontal shields 
separated rather than in contact. Also differs from 
C. ariadnae, C. atlas and C. dux by having fewer 
midbody scale rows (26 instead of 28 or more) 
and from C. iapetus by having fewer fourth toe 
subdigital lamellae (22-24 instead of 25-28). From 
C. alacer, C. halysis sp. nov., C. xenopleura and C. 
zastictus by having an unpatterned upper lateral 



Figure 10 Type specimens of Ctenotus vagus sp. nov. il¬ 
lustrating the range of variation seen in body 
patterning. From A-B: WAM R50505 (para- 
type) and WAM R103008 (holotype). Scale 
bar = 10 mm. 


zone instead of an upper lateral series of spots or 
streaks. Also differs from C. alacer, C. halysis sp. 
nov. and C. xenopleura by having fewer midbody 
scale rows (26 instead of 28 or more). From C. 
rawlinsoni by having fewer fourth toe subdigital 
lamellae (22-24 instead of 33-34). From C. duricola 
by having fewer midbody scale rows (26 instead 
of 28 or more). From C. storri by having more 
supralabial scales (8 instead of 6-7) and from C. 
impar by having a dark rather than pale vertebral 
stripe and by having more supralabial scales (8 
instead of 7). 

Ctenotus vagus sp. nov. is most easily confused with 
C. decaneurus, but is distinguished from both C. d. 
decaneurus and C. d. yampiensis by brown rather than 
black ground colour and less defined body pattern, 
in which the pale dorsal and laterodorsal stripes are 
relatively narrow and indistinct, brownish-cream 
rather than white and less continuous. Further 
differs from C. d. decaneurus by having more fourth 
toe subdigital lamellae (23 instead of 21) and longer 
hindlimbs (51.1% instead of 43.4% of SVL) and from 
C. d. yampiensis by having fewer midbody scale rows 
(26 instead of 28) and more fourth toe subdigital 
lamellae (23 instead of 21). 

Distribution 

Northern and south-eastern Kimberley region, 
northern Western Australia (Figure 3). Recorded 
from Drysdale River and Purnululu National 
Parks. 

Ecology and habits 

Largely unknown. Gambold (1992) records the 
holotype (as C. piankai) as being associated with 
the Buchanan upland land unit, prefers the Acacia- 
Triodia floristic group and occurs on red sands with 
spinifex. 

Etymology 

From the Latin adjective vagus, meaning 
inconstant, unsteady or vague; in reference to 
the condition of this taxon's pale dorsal and 
laterodorsal stripes which, in relation to adjacent 
pale paravertebral and dorsolateral stripes, are 
poorly defined. 

Ctenotus mesotes sp. nov. 

Median-striped Ctenotus 
Figures 11-14, Table 2 

Holotype 

Australia: Western Australia: WAM R165943, 
adult female (Figure 11), Truscott, Kimberley region. 
Western Australia, 14°06'07"S 126°24'01"E. Collected 
by P. Doughty and C. Stevenson on 11 August 2006. 
Found in tall woodland. Tail tip missing. 
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Figure 11 Holotype of Ctenotus mesotes sp. nov., WAM R165943, Truscott, Kimberley region. Western Australia, 
14°06'07"S 126°24'01"E. Scale bar = 10 mm. 


Measurements (mm) and scale counts: SVL 41.9; 
tail incomplete; body length 22.7; forelimb length 
11.6; hindlimb length 18.7; head width 5.1; head 
depth 3.6; snout length 3.7; head length 8.5; forelimb 
to snout length 15.2; nasals in narrow contact; 
prefrontals broadly separated; supraciliaries nine; 
ciliaries 11; supralabials seven; infralabials six; 
nuchal scales six; ear lobules two, uppermost largest 
in series; subdigital lamellae under fourth finger 
14, under fourth toe 24; supradigital scales above 
fourth finger 10, above fourth toe 16; midbody scale 
rows 30; paravertebral scales 60. 

Paratypes 

Australia: Western Australia: WAM R44062, (also 
paratype of C. tantillus), Sir Graham Moore Island, 
13°53'S 126°31 , E; WAM R131657, Kalumburu area, 
14°12 , 28"S 126°38'43"E; WAM R131659, Kalumburu 
area, 14°12'S 126°38 , E; WAM R151832-833, R151861, 
R152013, Sir Graham Moore Island, 13°53 , S 126°31'E; 
WAM R165940, R165942, Truscott, 14°05 , 02"S 
126°26 , 34 ,, E; WAM R165944, Truscott, 14°05'S 
126°22'E. 

Diagnosis 

A very small member (SVL to 41.5 mm) of the 
C. schomburgkii species-group, distinguished from 
congeners by having three of four supraoculars 
in contact with frontal, two presuboculars, 
frontoparietals paired, laterally compressed toes 
with finely keeled subdigital lamellae, nasals 
in contact, 2-3 ear lobules with uppermost 
largest, usually 30 midbody scale rows, usually 
14 subdigital lamellae under fourth finger, mean 
hindlimb length of 48.1% of SVL and a complex 
body pattern of stripes and spots, with dark stripes 
terminating at the rump. 

Description 

Prefrontal scales separate. Nasal scales usually in 
narrow contact (73%), occasionally in broad contact. 


Frontoparietal scales paired. Interparietal scale 
distinct. Loreal scales two, second usually larger 
than first (82%) occasionally subequal. Upper and 
lower preocular scales present. Presubocular scale 
present. Nuchal scales 6-9 (V 7.2). Supraciliary 
scales 7-9 ( x 8.1), median three or four much 
smaller than first three and final scale in series. 
Ciliary scales 9-11 (^ 10.1). Supralabial scales 7-8 ( 
x 7.1), fifth usually under orbit (91%), occasionally 
sixth. Infralabial scales 6. Ear lobules 2-3 (^ 2.9), 
modally 3, uppermost largest in series. Midbody 
scale rows 28-32 (^ 29.4). Paravertebral scales 
57-68 (x 63.0). Subdigital lamellae finely keeled, 
12-15 below fourth finger (V 13.6), 20-25 below 
fourth toe (x 22.4). Supradigital scales above fourth 
finger 9-11 (x 10.1), above fourth toe 14-17 (x 15.4) 
(Table 2). 

SVL to 41.5 mm (V 37.7 mm). Percentages of SVL: 
Body length 48.9-54.9% (x 52.4%); tail length 
206.8-218.5% (x 211.3%, n = 3); forelimb length 
27.3-34.6% (x 29.9%); hindlimb length 44.7-50.4% 



Figure 12 Paratype of Ctenotus mesotes sp. nov. in life. 

WAM R165944, Truscott, Kimberley region. 
Western Australia, 14°05 , S 126°22'E. Photo by 
Paul Doughty. 
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Figure 13 Specimens of Ctenotus mesotes sp. nov., illus¬ 
trating the range of variation seen in body 
patterning. From A-F: WAM R165944, WAM 
R131657, WAM R151861, WAM R151832, 
WAM R165942 and WAM R165940. Scale bar 
= 10 mm. 


(x 48.1%); forebody length 36.7-44.8% (x 40.0%); 
head length 20.5-23.7% (V 21.7%). Percentages of 
head length: head depth 40.2-55.5% (x 46.8%); head 
width 55.1-67.0% (3c 59.9%); snout length 41.1-47.7% 
(3c 44.1%) (Table 2). 

Colour and pattern (in spirit) 

A blackish or greyish Ctenotus with longitudinally 
aligned, complex body pattern dominated by 
broad pale vertebral stripe and bilateral series of 
numerous random pale spots and dots (Figures 
12-13). Specimens from Sir Graham Moore Island 
diverge from those on the adjoining Kimberley 
mainland in intensity of ground colour, being much 
paler (Figure 13C,D). Examined specimens conform 
to the following description. 

Dorsal ground colour blackish brown to pale grey. 
Back patterned with four narrow, creamish white 
stripes (paired paravertebrals and dorsolaterals), 
which extend from parietal region onto tail. In most 
specimens the pale paravertebral stripes merge, 
reducing any dark vertebral stripe to a narrow 
indistinct line on neck and forebody. Back stripes 
are about half width of a mid-paravertebral scale, 
except for merged pale paravertebral stripes which 
together form a broad pale vertebral stripe. Many 
specimens have discontinuous pale dorsolateral 
stripes, these being represented by longitudinal 


series of pale streaks and spots. Lateral surface of 
body blackish brown to greyish, patterned with 
numerous, random pale spots and streaks. Whitish 
midlateral stripe may be present posteriorly, but 
is usually represented by a discontinuous series 
of pale streaks and blotches. Lower lateral zone 
coalesces into pale venter. Most specimens feature 
discontinuous pale dorsolateral and midlateral 
stripes, presenting a densely spotted pattern 
relieved only by a broad pale vertebral stripe. 

Head pale brown with a lighter snout, patterned 
with dense dark mottling and obscure pale 
subocular stripe. Tail brownish, patterned with 
continuations of pale body stripes. Limbs brown 
dorsally, patterned with three (forelimbs) or four 
(hindlimbs) dark brown stripes. Ventral surfaces 
immaculate white, underside of limbs and tail 
creamish. 

Comparison with other species 

Ctenotus mesotes sp. nov. is distinguished from 
most congeners by being very small in size, having 
compressed digits, finely keeled subdigital lamellae, 
dark upper lateral zones enclosing numerous pale 
spots and a dorsal pattern dominated by longitudinal 
stripes. In combination, these characters place it 
among the ten members of the C. schomburgkii species- 
group (Table 3). From most species-group co-members 
it may be distinguished by details of body pattern and 
disjunct distribution. The broad pale vertebral stripe of 
C. mesotes sp. nov. is unique within the species-group 
and only C. pallescens and C. tantillus share a Kimberley 
region distribution. 

Further distinguished from C. allotropis and both 
subspecies of C. strauchii by having more midbody 
scale rows (30 instead of 28), fourth toe subdigital 
lamellae (22 instead of 20 or less) and longer hindlimbs 
(48% instead of 45% or less of SVL). From C. brooksi, 
C. euclae and C. taeniatus by having more midbody 
scale rows (30 instead of 26 or less), presubocular 
scale present (rather than absent), prefrontal shields 
separated instead of usually in contact and smaller 
maximum size (41.5 instead of 50.5 mm or more). 
From C. pallescens and C. schomburgkii by having 
more midbody scale rows (30 instead of 28 or less) 
and nasal scales in contact instead of separate. Also 
distinguished from C. pallescens by having more 
supraciliary scales (8 instead of 7). 

Ctenotus mesotes sp. nov. is most easily confused 
with C. tantillus, but is distinguished by having 
more midbody scale rows (30 instead of 28), fewer 
infralabial scales (6 instead of 7), more ciliary scales 
(10 instead of 9) and fourth finger subdigital lamellae 
(14 instead of 12), longer hindlimbs (48.1% instead of 
44.8% of SVL) and by usually having nasal scales in 
narrow instead of broad contact. 
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Figure 14 Map of northwestern Australia showing distributions of: Ctenotus mesotes sp. nov. (stars) and C. tantillus 
(circles). 


Distribution 

Central far northern coast of the Kimberley region, 
northern Western Australia (Figure 14). Recorded 
from Truscott, Kalumburu and Sir Graham Moore 
Island. 

Geographic variation 

As previously noted, specimens from Sir Graham 
Moore Island diverge from adjoining mainland 
populations in intensity of ground colour, being 
greyish rather than blackish. 

Ecology and habitats 

Truscott specimens were collected from Eucalyptus 
herbertiana woodland, associated with skeletal soils 
on exposed sandstone and from E. tetrodonta-E. 
miniata woodland on deep yellow sands and 
lateritic podsols (P. Doughty, pers. comm.). 

Etymology 

From the Greek adjective mesotes , meaning a 
middle or central position; in reference to the 
prominent pale vertebral stripe that features in this 
taxon. 

DISCUSSION 

With recognition of C. halysis, C. mesotes 
and C. vagus, Ctenotus is represented in the 


Kimberley region of northern Western Australia 
by 16 recognised taxa: C. burbidgei Storr, 1975; C. d. 
decaneurus; C. d. yampiensis; C. ehmanni Storr, 1985; C. 
halysis; C. inornatus (Gray, 1845); C. mastigura Storr, 
1975; C. mesotes; C. militaris; C. pallescens Storr, 1970; 
C. pantherinus (Peters, 1866); C. piankai; C. rimacola 
Horner and Fisher, 1998; C. robustus Storr, 1970; C. 
tantillus and C. vagus (Wilson and Swan 2008; this 
work). Many of these taxa are sympatric or even 
syntopic, and most show a strong fidelity to certain 
topography and habitat types. 

Distributions of the new species, within the 
Kimberley region, are variable. Ctenotus halysis and 
C. vagus have relatively broad ranges, whilst C. 
mesotes (and C. d. yampiensis ) appear restricted to a 
small geographic area. Concomitantly, as the type 
series of C. tantillus is now considered composite 
(paratype WAM R44062 is also a paratype of C. 
mesotes ) its known distribution in the Kimberley 
appears more restricted (Figure 14). However, 
distribution of reptile species in this region is 
poorly known and systematic surveys are required 
to determine their actual distributions. 

In such a diverse taxon as Ctenotus, where 
morphological differences between species are 
often subtle and difficult to discern on single 
individuals, cryptic and/or undescribed species 
often fail to be recognised and misidentifications 
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are commonplace. This is exemplified by published 
records of C. alacer Storr, 1970 from the Kimberley 
region (Storr et al. 1999; Wilson and Swan 2008) that 
were based on specimens now referred to C. halysis 
sp. nov. Interestingly, aside from morphological and 
geographical differences, C. halysis shows ecological 
divergence to C. alacer, preferring sandy/loam 
substrates rather than stony hills. 

Confusion of C. halysis with C. alacer brings into 
question records of certain other Ctenotus species 
in the Kimberley region. Ctenotus pallescens and C. 
piankai are typically arid adapted species, as is C. 
alacer, and the possibility exists that records of these 
from the monsoonal Kimberley are similarly based 
on undescribed species. Further work, including 
molecular as well as detailed meristic and mensural 
analyses, is needed to clarify the status of these 
taxa. 
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APPENDIX 

Comparative specimens scored for morphological 
characters 

Ctenotus alacer 

Northern Territory: NTM R00899, Alice Springs, 
23°42'S 133°52 , E; NTM R01553, Mount Doreen, 
22°02 , S 131°20 , E; NTM R05374, 5.5 km north of Alice 
Springs, 23°40 , S 133°55'E; NTM R12714, Colymer 
Creek, ca. 10 km north of Alice Springs, 23°35 , S 
133°52 , E; NTM R13715, Alice Springs, 23°42'S 
133°52 , E; NTM R14388, Paddy's Valley, Loves Creek 
Station, 23°31'S 134°40'E; NTM R17660, Ewaninga, 40 
km south of Alice Springs, 24°00'S 133°54'E; NTM 
R18146, Harts Range. Rex Mine, 23°04'S 134°58'E; 
NTM R18179, Harts Range, Mt Riddock Station, 
23°05'S 134°36'E; NTM R31863, Simpsons Gap, 
23°40'S 133°43'E. 


Ctenotus decaneurus decaneurus 

Northern Territory: WAM R23130 (Holotype), 21 
mi WNW of Newry, 15°59'S 129°00'E; NTM R1275, 
Mount Carr, Adelaide River, 13°14'S 131°05'E; NTM 
R2053, Berry Springs Reserve, 13°14'S 131°05'E; 
NTM R8827, 7mi S of Adelaide River Town, 13°20'S 
131°07'E; NTM R13837, Kakadu National Park, 


Kakadu National Park, 13°29'S 132°15'E; NTM 
R17896, Yinberrie Hill, 14°06'S 132°04'E; NTM 
R21164, Gregory National Park, 16°07'S 130°25'E; 
NTM R21511, Mt Bundey Station, 12°55'S 131°46'E; 
NTM R22189, Litchfield National Park, Litchfield 
National Park, 13°24'31"S 130°53'29"E; NTM 
R24239, Little Fitzmaurice River, Bradshaw Station, 
15°06'22"S 130°19'22"E; NTM R24433, Upper Daly 
River, 14°35'28"S 131°21'06"E; NTM R27064, Fish 
River, Daly River Basin, 14°14'S 130°54'E; NTM 
R27867, Urapunga Station, Roper River, 14°32'27"S 
134°10'48"E; NTM R29137, Mount Ringwood Station, 
13°11'S 131°23'E. 

Western Australia: NTM R27514, 30km NE of 
Napier Downs T/off, Gibb River Road, 17°08'39"S 
125°02'50"E; NTM R27622, 8 km west of Durack 
River Crossing, Gibb River Road, 16°00'11"S 
127°04T9"E; WAM R43152, R43188, R43247, R43526, 
Mitchell Plateau, 14°52'S 125°50'E; WAM R70160, 
R70161, 8.8km at 121degrees from Wyndham, 
15°32'S 128°11'E; WAM R77023, Mitchell Plateau, 
14°49'S 125°50'E; WAM R83366, Lake Argyle, 16°18'S 
128°48'E; WAM R91147, 32km SE of Kununurra, 
15°56'S 128°57'E; WAM R99768, Silent Grove, 
17°04'40"S 125°15'20"E; WAM R99772, 8km north 
of Mount Broome, 17°17T5"S 125°22'05"E; WAM 
R119683, Emma Gorge, Cockburn Range, 15°50'S 
128°02'E. 


Ctenotus decaneurus yampiensis 

Western Australia: WAM R11741 (Neotype), 
Wotjulum, west Kimberley, 16°14'S 123°38'E; WAM 
R11740, R11742, Wotjulum, west Kimberley, 16°14'S 
123°38'E; WAM R166899, Wilson Point, south of Kuri 
Bay, 15°33'S 124°25'39"E. 


Ctenotus tantillus 

Western Australia: WAM R45567 (holotype), 
Kununurra, 15°42'S 128°42'E. PARATYPES: WAM 
R23127 (Paratype), Cockatoo Spring, 37 km SE 
of Kununurra, 15°56'S 120°55'E; WAM R26790 
(Paratype), Grotto Creek, 35 km SSE of Wyndham, 
15°42'S 128°16'E; WAM R32070 (Paratype), Manning 
Creek, 16°42'S 125°56'E; NTM R6797, R6799, 5km 
W Ivanhoe Crossing Ord River, 15°45'S 128°42'E; 
NTM R34679, Ord River, 15°18'50"S 129°03'55"E; 
WAM R60177, Saw Ranges, 16°01'S 128°23'E; WAM 
R101382, R101405, 8km SE Kununurra, 15°50'S 
128°49'E; WAM R101389, 3km SE Kununurra, 15°48'S 
128°46'E; WAM R103007, Bungle Bungle National 
Park, 17°19'S 128°27'E; WAM R119714, Emma Gorge, 
Cockburn Range, 15°50'S 128°02'E; WAM R120002, 
Cockburn Range, 15°50'S 128°02'E; WAM R125991, 
R126022, ca 2km SW Point Springs Yard, 15°25'09"S 
128°51'50"E; WAM R126039, R126040, R126046, ca 
4km SW Point Spring Yard, 15°25'09"S 128°51'50"E; 
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WAM R126044, ca 30km ENE Point Spring Yard, 
15°2T40"S 129°07 , 48"E; WAM R151014-015, R151017, 
30km NNE Kununurra, 15°32 , 46 ,, S 128°48'12"E. 

Northern Territory: NTM R9168, R10062, Keep 
River National Park, 15°45'S 129°05 , E; NTM R18624, 
Spirit Hills Station, 15°32'11"S 129°07 , 33 ,, E; NTM 
R18638, Bradshaw Station, 15°21 , S 130°17 , E; NTM 
R23193, Spirit Hills, 15°27 , 15"S 129°18 , 35 /, E; NTM 
R24108, North Kollendong Swamp, Bradshaw 


Station, 15°00'16"S 130°03 , 07"E; NTM R24198-200, 
Mussel Waterhole Two, Bradshaw Station, 15°08'05"S 
130 o 08'13"E; NTM R24220, Little Fitzmaurice River, 
Bradshaw Station, 15°06 , 22"S 130°19 , 22"E; NTM 
R24428-429, R24432, Bradshaw Creek, Dorisvale, 
14°30 , 14"S 131°19 , 22"E; NTM R24988, Upper 
Daly Aboriginal Land Trust, Daly River Region, 
14°18 , 29"S 131°12 , 07"E; NTM R28922, Keep River 
National Park, Keep River, 15°49'S 129°02'E. 
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Abstract - We provide a detailed description of the cranial and mandibular 
osteology of the Australian agamid lizard, Moloch horridus, based on a series 
of eight skeletal preparations and minimal preparation of a single specimen 
preserved in alcohol. Articulated and disarticulated material permits the de¬ 
scription of individual elements and their articulations, and a preliminary 
assessment of patterns of cranial and mandibular variation within Moloch. 
Preliminary comparisons of osteological features of Moloch with those of other 
Australian agamids indicate that many elements of the skull and mandible of 
Moloch have specialized morphology. Basic knowledge of patterns of skeletal 
variation within and among Australian agamids is insufficiently established at 
present to permit reliable hypotheses of phylogenetic relationships based only 
on morphology. A paucity of adequate skeletal collections exacerbates the chal¬ 
lenges of elucidating patterns of evolutionary morphology for the group as a 
whole. Nevertheless, our preliminary assessment suggests that at least the max¬ 
illa, parietal, pterygoid, supraoccipital, prootic, otooccipital, basioccipital, den¬ 
tary, coronoid, and articular-prearticular of Moloch can be clearly distinguished 
from those of other Australian agamids, and probably can be used to develop a 
reliable and more comprehensive skeletal morphological diagnosis for Moloch. 


Additional key words — Skull, morphology, variation, thorny devil 


INTRODUCTION 

General form and natural history 

Moloch horridus Gray, 1841 (Reptilia: Squamata: 
Agamidae; thorny devil) is an unmistakable 
Australian lizard, unique in scalation and form 
(Warham 1956; Greer 1989; Witten 1993; Figure 1), 
and is a well-known and popular photographic 
subject in treatments on Australian natural history 
and herpetology. Many aspects of its basic biology 
and natural history are well-documented (e.g. Davey 
1923; Pianka and Pianka 1970; Greer 1989; Pianka 
and Thompson 1998), but although the cranium and 
unusual teeth of Moloch were mentioned previously 
in the literature (e.g. Gervais 1861,1873; Owen 1880; 
Siebenrock 1895; Cogger 1961; Edmund 1969; Moody 
1980; Evans 2008), no detailed morphological 
description exists of these anatomical systems. As 
part of our efforts to understand the evolutionary 
morphology of Australian agamids, we provide a 
detailed description of the cranial osteology of this 
unusual lizard. 


The head of Moloch is short and wide on a 
globular body with splayed limbs, all within an 
adult snout-vent length (SVL) of up to 110 mm. 
Dorsal scalation is strongly heterogeneous: smaller 
granular scales are interspaced with longitudinal 
series of grossly enlarged spines, with the largest 
pair positioned over each eye and a pair on a large 
hump (or 'false head') on the nape (Gray 1841; Greer 
1989; Cogger 1992). As with other agamids, dermal 
ossicles are absent (Estes et al. 1988), and there is no 
bony structural support for even the largest of the 
spines (Owen 1881). No clear-cut differences in sex 
are known, although adult females attain a larger 
size and stouter form than males (SVL = 80-110 mm 
in females; less than approximately 96 mm in males; 
Pianka and Pianka 1970; Houston and Hutchinson 
1998). Moloch is a sit-and-wait predator that is 
almost exclusively myrmecophagous, primarily 
consuming minute ants of the genera Iridomyrmex 
and Crematogaster (Brandson 1952; Withers and 
Dickman 1995). The thorny devil is a slow-moving 
diurnal lizard, known to live from 6-20 years and 
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Figure 1 External morphology of Moloch horridus. 

WAM R146914, Mt. Gibson Station, west of 
Lake Moore, Western Australia, in life. 


found in a variety of habitats from the sand and 
spinifex (Triodia spp.) deserts of central Australia to 
the arid scrublands of southern Western Australia 
(Pianka and Pianka 1970). The natural history 
of Moloch was reviewed by Pianka et al. (1998); 
relatively new information about reproductive 
biology was provided by Thompson (2003). 

In terms of its ecology and external morphology 
Moloch is more similar to the North American 
iguanian Phrynosoma (Phrynosomatidae) than it is 
to other agamids (Pianka 1994; Meyers and Herrel 
2005). Anatomically, the two taxa are quite distinct, 
perhaps most notably in that Moloch lacks the bony 
support for its cranial horns that is so characteristic 
and striking for Phrynosoma (Owen 1881; see also 
Pianka 2003). 

Phylogenetic relationships 

The phylogenetic position of Moloch has long been 
an intriguing problem. Its apparent morphological 
specializations undoubtedly contribute to popular 
notions that it represents an ancient, if not 
the most ancient, agamid lineage in Australia 
(e.g. Anonymous 1981), but formal phylogenetic 
assessments are relatively few. Moloch was allied 
with other Australian agamids by Moody (1980; his 
Group III), but his character scorings and polarity 
determinations were subsequently questioned 
by Estes et al. (1988). The unique morphology of 
Moloch led Witten (1982) to consider it a highly 
derived taxon, with no obvious close relationship 
to any extant agamid, but the absence of a lacrimal 
was accepted as confirmation of its affinity 
with other Australian endemic agamids in his 


analysis. In his phylogenetic hypothesis, he placed 
Moloch outside all other endemic Australian 
agamids. Preliminary albumin fixation data were 
presented by Baverstock and Donnellan (1990), 
and provided evidence that Moloch was part of 
the amphibolurine-group radiation of Australian 
endemics (represented in their analysis by Pogona, 
Ctenophorus and Lophognathus). An alternative 
position indicating closer affinity with Hypsilurus 
was weakly supported in an analysis by Macey et al. 
(2000), and the maximum likelihood tree presented 
by Melville et al. (2001) placed Moloch outside 
all other Australian agamids except Hypsilurus 
and Physignathus ; in their strict consensus tree 
its position was unresolved. A position basal 
to all other endemic Australian agamids was 
recovered by Schulte et al. (2003). A recent analysis 
of mitochondrial and nuclear genes also yielded 



Figure 2 Dorsal view of articulated skull of Moloch 
horridus, ROM R50. Anterior to top. Scale bar 
= 1 mm. 



Figure 3 Ventral view of articulated skull of Moloch 
horridus, ROM R50. Anterior to top. Scale bar 
= 1 mm. 
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a hypothesis in which Moloch was consistently 
recovered in a basal position to other endemic 
Australian agamids, and in some analyses as 
sister to Chelosania hrunnea, another monotypic 
agamid with uncertain relationships (Hugall et 
al. 2008). Moloch was not included in other recent 
modern phylogenetic analyses, including those 
of Joger (1991) and Honda et al. (2000), who used 
molecular data to elucidate some aspects of agamid 
phylogeny. 

Its probable basal position among Australian 
agamids makes it a particularly important taxon 
for those seeking to understand morphological 
evolution within the Agamidae. A rigorous 
morphological re-evaluation of the Agamidae is 
warranted, and was recently initiated by Hocknull 
(2000). Although not yet published in full form, 
Hocknull's analysis of skeletal morphology resulted 
in relatively strong support for a sister-taxon 
relationship between Moloch and Tympanocryptis, 
a relationship also suggested by Greer (1989). 
Rankinia and Pogona were consecutive outgroups to 
that clade in Hocknull's analysis, and together all 
form a ' Tympanocryptis group'. 

Previous anatomical studies 

The skull and post-cranial skeleton of Moloch were 
superficially described by previous authors, but 
in each case details were lacking and descriptions 
were based almost entirely on articulated skulls 
(Gervais 1861, 1873; Owen 1880; Siebenrock 1895; 
Cogger 1961; Edmund 1969; Moody 1980). A lateral 
view of the skull and mandible was illustrated by 
Dowling and Duellman (1978), and a ventral view 
of the skull by Edmund (1969; that illustration was 
reproduced by Vorobjeva and Chugunova 1995). A 
3-D digital model of the skeleton and skull were 
generated from a high-resolution X-ray computed 
tomography (CT) scan, and are posted without 
description at <http://digimorph.org/specimens/ 
Moloch_horridus/whole/> and <http://digimorph. 
org/specimens/Moloch_horridus/head/>. A still- 
image of the lateral view of the skull based on 
the same CT data set was published by Pianka 
(2007). Lateral views of the left maxilla and dentary 
were provided by Covacevich et al. (1990), and the 
morphology of those elements was discussed in 
a comparative framework with other agamids by 
Hocknull (2002). The peculiar dentition received 
the most attention, and was discussed previously 
by Edmund (1969), Moody (1980), Vorobjeva and 
Chugunova (1995), Hocknull (2002), and Evans 
(2008). Other anatomical studies include discussion 
and illustration of the variant pedal phalangeal 
formulae of southwestern and central populations 
(Greer 1989), descriptions of the scale structure 
(Owen 1881; Scortecci 1941; Bentley and Blumer 
1962; Gans et al. 1982; Sherbrooke et al. 2007), and 


the morphology of the parietal 'eye' and pineal 
gland (Kummer-Trost 1956) compared to those 
of other agamids. Our description of the skull of 
Moloch is the first to characterize the individual 
bones of the skull. There is no published fossil 
record for Moloch. 

MATERIALS AND METHODS 
Specimens examined 

Our study was based primarily on examination 
of nine specimens including three articulated 
skulls, two partially disarticulated skulls, three 
completely disarticulated skulls, and a single 
specimen preserved in alcohol from which we 
removed a single scleral ring (Table 1). SVLs were 
not available for most of these specimens. We used 
length of the parietal table to provide a comparison 
of relative size of specimens. Our measurement 
was taken from just left of the frontoparietal 
fenestra posteriorly to a line perpendicular to the 
midline that corresponds to the greatest length 
of the parietal table (post-parietal processes were 
not included). Throughout the text, we adopted 
a terminological convention regarding the use of 



Figure 4 Right lateral view of articulated skull of 
Moloch horridus, ROM R50. Anterior to right. 
Scale bar = 1 mm. 



Figure 5 Anterior view of articulated skull of Moloch 
horridus , ROM R50. Scale bar = 1 mm. 
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'foramen' and 'fenestra.' In our usage, a foramen is 
an opening or penetration within a single element, 
and a fenestra is an opening whose margins are 
formed by more than one element. For example, we 
use 'fenestra ovalis' instead of 'foramen ovale' (of, 
for example, Oelrich 1956) because the opening is 
bounded by both the prootic and otooccipital bones. 
The sole exception to this convention is our retained 
use of the traditional, and now firmly entrenched, 
use of 'foramen magnum' for the posterior opening 
of the skull. 

Abbreviations 

Institutional abbreviations include NT R, Museum 
and Art Gallery of the Northern Territory, Darwin, 
Northern Territory, Australia; QM J, Queensland 
Museum, modern skeletal collection, Brisbane, 
Queensland, Australia; ROM, Royal Ontario 
Museum, Toronto, Ontario, Canada; SAMA, South 
Australian Museum, Adelaide, South Australia, 


Table 1 Specimens of Moloch horridus utilized in this 
study. A = articulated; D = disarticulated; 
n.a. = not available; Par L = length of 
parietal table; PA = preserved in alcohol (not 
skeletonized); PD = partially disarticulated; 
SVL = Snout-to-vent length. 


Specimen # 

SVL 

ParL 

Preparation 

QM J11492 

n.a. 

5.41 

A 

ROM R50 

n.a. 

4.20 

A 

TMM-M721 

n.a. 

n.a. 

PD 

WAM R2 

n.a. 

n.a. 

PA 

WAM R97222 

98 mm 

5.00 

D 

WAM R27737A 

98 mm 

4.81 

D 

WAM R27737B 

n.a. 

4.80 

A 

WAM R38691 

n.a. 

4.55 

PD 

WAM R146914 

85 mm 

3.51 

D 


Australia; TMM-M, Vertebrate Paleontology 
Laboratory modern skeletal collection. University 
of Texas, Austin, Texas, USA; UMMZ, University 
of Michigan Museum of Zoology, Ann Arbor, 
Michigan, USA; WAM R, Western Australian 
Museum, Perth, Western Australia, Australia. A list 
of anatomical abbreviations used in the figures is 
provided in Appendix 1. 

DESCRIPTION OF THE SKULL 
General features 

The skull is relatively small, with a blunt, nearly 
flattened face (Figures 2-5). The postorbital and 
supratemporal bars are complete. The skull roof is 
highest just posterior to the frontoparietal suture, 
and is widest just anterior to that same suture. The 
bones of the skull roof and the postorbital bar are 
robust, but those of the supratemporal bar and the 
palate are more delicate. The septomaxilla, lacrimal, 
postfrontal, and splenial bones are lacking as 
discrete elements. Except for its anterolateral edges, 
the supraoccipital is exposed in dorsal view. The 
lacrimal fenestra is large, but the sphenoccipital 
fenestra is extremely reduced and cannot be seen in 
an articulated skull. 

The orbits are large and rounded. Each orbital 
margin is formed by the frontal, prefrontal, maxilla, 
jugal, and postorbital (Figures 2, 4). The external 
nares are large oval-shaped openings formed 
between the maxillae, nasals, and premaxilla; they 
are oriented nearly vertically on the anterior end of 
the snout (Figure 5). Moloch shows a paleochoanate 
condition at the anterior palate, with the anterior 
opening for the vomeronasal organ confluent 
with the posterior internal naris (Evans 2008). The 
choanae are relatively narrow and bounded by the 
maxilla, palatine and vomer. The supratemporal 
fenestrae are open and more-or-less rounded, 
with margins formed by the parietal, postorbital. 



Figure 6 Left maxilla of Moloch horridus, WAM R146914. A. Lateral view, anterior to left. B. Slightly oblique medial 
view, to show position of the posterior opening of the superior alveloar canal, anterior to right. Scale bar 
= 1 mm. 
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Figure 7 Dorsal view of mesial tip of left maxilla from WAM R146914, showing bifurcated premaxillary process. Ante¬ 
rior to left. Scale bar = 1 mm. 


and squamosal (Figures 2, 4). The infratemporal 
fenestrae are open ventrally (as in all other 
squamates), and bordered by the jugal, squamosal 
and quadrate (Figure 4). The suborbital fenestra is 
large, and bordered by the maxilla, ectopterygoid, 
pterygoid and palatine (Figure 3). The margins 
of the large subtemporal fenestrae are formed by 
the ectopterygoid, pterygoid and quadrate (Figure 
3). The post-temporal fenestrae are present as 
narrow openings between the parietal and the 
otooccipital and prootic portions of the braincase. 
The interpterygoid vacuity (pyriform recess of 
Oelrich 1956; Estes et al. 1988) is widest posteriorly; it 
tapers anteriorly, but fully separates the pterygoids 
and palatines, and separates the vomers for most of 
their length (Figure 3). 

Premaxilla 

The premaxilla is a small, somewhat gracile, 
unpaired element that forms the anteriormost 
portion of the snout (Figure 4). A distinct nasal 
process (internarial process of Moody 1980) forms 
the dorsal midline projection of the bone. A broader 
alveolar surface extends a short distance laterally 
from the midline. It serves as an attachment surface 
for a few pleurodont teeth, and bears weak lateral 
articulation facets for the maxillae. The premaxilla 
contacts the nasals dorsally, the maxillae laterally, 
and the vomers posteriorly (Figures 2, 3, 5). In other 
agamids, contact of the premaxilla and vomers is 
unusual because the maxillae meet at the midline 
beneath the alveolar portion of the premaxilla 
(Estes et al. 1988; Evans 2008). 

The nasal process is broad at its base, but 
progressively tapers distally where it separates only 
the anterior portion of the nasals. Distinct nasal 
articulation facets are present, but they are small 
and situated near the tip of the ascending process. 
The nasal process forms the ventromedial margin of 
the external naris. On either side of the base of the 
nasal process, where it meets the alveolar portion 
of the bone, two small canals are present. In other 


iguanians (e.g. Ctenosaura [Oelrich 1956]), these 
canals transmit the medial ethmoid nerve (part of 
the ophthalmic division of the trigeminal nerve, VI). 
At the midline, and posterior to the tooth row, is a 
large, ventrally-directed incisive process. Just dorsal 
to the incisive process are narrow articulation 
surfaces for the vomers. Along the lateral edges of 
the alveolar portion are small articular facets for the 
premaxillary (anteromedial) process of the maxilla. 
The premaxilla and maxilla form an uninterrupted 
continuous arc along the anterior snout (Moody 
1980). The dentition is discussed below. 

Maxilla 

The maxilla forms the anterolateral portion of 
the snout and is the major tooth-bearing element 
of the skull. The maxilla has three distinct 
processes, an anteromedial premaxillary process, 
an elongate orbital process posteriorly and a dorsal 
facial (ascending) process (Figure 6). The maxilla 



Figure 8 Anterior palate of Moloch horridus, ROM R50 
in ventral view. Anterior to top. Scale bar 
= 1 mm. 
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Figure 9 Left palatine of Moloch horridus, WAM R146914. A. Dorsal view, anterior to right. B. Ventral view, anterior to 
left. Scale bar = 1 mm. 


contacts the premaxilla and vomer anteromedially, 
the nasal and prefrontal dorsally, the palatine 
ventromedially, the jugal posteriorly and the 
ectopterygoid posteroventrally. 

The premaxillary processes curve gradually 
towards the anterior midline, overlap the lateral 
edges of the premaxilla, but fail to contact one 
another along the anterior margin of the snout. At 
its mesial margin a short, finger-like process makes 
a sharp dorsal turn. This process sweeps up to 
articulate with the nasal process of the premaxilla, 
dorsal to the level of the medial ethmoid foramen 
on the premaxilla. The process is easily broken 
in disarticulated specimens; it is bifurcated (or 
notched) in WAM R146914 (Figure 7), but in other 
specimens, the notch is fully, or almost fully, closed 
to form a foramen. The premaxillary process of the 
maxilla is edentulous in WAM R146914 and WAM 
R27737A, but bears a single pleurodont tooth on 
each side in WAM R27737B, and a single pleurodont 
tooth on the left side of QM J11492. Unlike most 
other acrodontans (Cope 1864, 1892; Moody 1980; 
Estes et al. 1988; Evans 2008), the premaxillary 
processes do not meet behind the premaxilla, but 
they do form the ventral margins of the external 
nares. 

The facial process of the maxilla is tall, and 
distinctly short and flattened anteroposteriorly. 
Its steep and nearly vertical orientation yields the 
somewhat flattened appearance to the facial portion 
of the skull (Figure 4). At its most dorsal extent it 
has an abbreviated, but definite, contact with the 
nasal (contra Moody 1980) in QM J11492, WAM 
R27737B and ROM R50 (Figure 5); posteriorly it 
shares a broad contact with the prefrontal. The 


facial process forms the lateral margin of the 
external naris. The posterior border of the facial 
process forms the lateral margin of the enlarged 
lacrimal fenestra (Figure 4). The base of the facial 
process is pierced by the superior alveolar canal; in 
other iguanians this canal transmits the superior 
alveolar nerve (maxillary branch of the trigeminal 
nerve; V2) and associated blood vessels (Oelrich 
1956; Evans 2008). At its anterior end, the canal 
terminates at the anterior superior alveolar foramen, 
which is single in QM J11492, WAM R27737A and 
WAM R38691, but doubled in WAM R146914, ROM 
R50 and WAM R27737B. Within the canal, three or 
four foramina pierce the ventrolateral wall; they 
appear on the lateral surface of the maxilla as tiny 
foramina just lateral or ventrolateral to the anterior 
inferior alveolar foramen. 



Figure 10 Oblique lateral view through right orbit, 
ROM R50. Anterior to right. Scale bar = 1 mm. 
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A short and narrow maxillary shelf is present 
along the medial side of the base of the facial 
process (Figure 6B). It extends posteriorly a short 
distance along the orbital process, reaching its 
widest point (most medial extent) and termination 
about half way along the length of the bone. This 
medial extension contacts the palatine along an area 
opposite where the teeth begin to show a medial 
inflection; as in other Australian agamids, the 
suture is approximately parallel to the tooth row, 
an orientation distinct from the transverse sutural 
contact seen in many Asian agamids (e.g. Calotes, 
Draco ; Moody 1980). Just opposite the palatine facet 
another small foramen pierces the bone above the 
shelf. This foramen opens into a small canal that 
extends anteriorly a short distance and terminates 
in a small foramen on the lateral surface of the 
maxilla. The dorsal surface of the orbital process 
posterior to the palatine facet is smooth and 
relatively flat (Figure 7). All but the medial part of 
this region forms an elongated articulation facet 
for the jugal. At its posteriormost extent, the orbital 
process forms a complex articulation with the 
ectopterygoid ventrally and medially (Figure 3). 

The posterior portion of the orbital process is 
inflected medially; thus, along the distal halves of 
the maxillary tooth rows, the apices of the teeth 
on either side approximately face one another (see 


Dentition, below). The orbital process forms the 
lateral edge of the suborbital fenestra. The medial 
portion of the orbital process and the inflected 
posterior maxillary teeth are clearly visible beneath 
the suborbital fenestra in a dorsal view looking 
through the orbit (Figure 2). 

Septomaxilla 

There is no ossified septomaxilla in Moloch. 
Its loss or failure to ossify may be a result of the 
overall reduction of the region surrounding the 
nasal capsule (Moody 1980). 

Vomer 

The vomer is a delicate, fragile bone. It contacts 
the premaxilla anteriorly, the palatine posteriorly, 
and closely approaches or may be in weak contact 
with the premaxillary process of the maxilla 
anterolaterally (only visible through the external 
naris). The narrow anterior premaxillary processes 
are in contact for a short distance along the 
midline, but the vomers diverge as they widen 
posterolaterally, providing an anterior extension 
of the interpterygoid vacuity (Figure 8). The 
articulation with the premaxilla is restricted to a 
short shelf immediately posterior to the base of 
the nasal process of the premaxilla (Figure 8). The 
articulation with the palatine is more extensive 



Figure 11 Left pterygoid, of Moloch horridus, WAM 
R146914. A. Dorsal view, anterior to right. B. 
Ventral view, anterior to left. C. Medial view, 
anterior to right. Scale bar = 1 mm. 


Figure 12 Ventral view of the palate of Moloch horridus, 
WAM R27737B, showing the cartilaginous 
trabecula communis. Anterior to top. Scale 
bar = 1 mm. 
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Figure 13 Oblique posterolateral view through left or¬ 
bit, showing position and height of the epip- 
terygoid in articulation; ROM R50. Scale bar 
= 1 mm. 



Figure 14 Left nasal in of Moloch horridus, WAM 
R146914, in dorsal view. Anterior to left. Scale 
bar = 1 mm. 


and is achieved via interfingering along the margin 
of the interpterygoid vacuity, accompanied by 
an overlapping articulation laterally (Figures 3, 
8). The vomer is slightly convex dorsally, and the 
posterolateral portion is inflected slightly dorsally. 

Palatine 

The palatine is a delicate bone with a complicated 
morphology (Figure 9). It is the middle of three 
bones that make up the bony palate, and it forms 
the internal choanal groove. It marks the anterior 
and anteromedial margins of the suborbital 
fenestra, forms part of the floor of the orbit, and the 
floor of the posterior portion of the nasal capsule. 
The palatine contacts the vomer anteriorly, the 
maxilla ventrolaterally, the pterygoid posteriorly 
and the prefrontal dorsolaterally. Although they 
closely approach one another near the midline of 


the skull, the palatines do not contact one another, 
and are completely separated by the anterior 
extension of the interpterygoid vacuity (Figures 3, 
8 ). 

The palatine is a roughly triradiate bone 
(Figure 9), with two relatively robust processes 
anteriorly (the vomerine and maxillary processes) 
and a slender posterior pterygoid process. The 
anterolateral maxillary process contacts the maxilla 
along the maxillary shelf of the latter bone, near 
the level where the maxillary teeth begin a sharp 
medial inflection. Ventrally, their shared suture 
approximately parallels the tooth row (Figure 
9B). Dorsally, the palatine overlaps a portion of 
the maxillary shelf, and there bifurcates to form 
the anterior and posterior bony margins of the 
infraorbital fenestra (Figures 9, 10). The lateral 
border of that fenestra is formed by the maxilla; 
the jugal closely approaches the margin but does 
not participate in it. Mediodorsal to the infraorbital 
fenestra, the palatine is sutured to the prefrontal; 
the palatine here forms the ventralmost portion 
of the medial margin of the expanded lacrimal 
fenestra (lacrimal foramen of other authors). 

The anteromedial vomerine process of 
the palatine contacts the vomer in a slightly 
interdigitating suture along the margin of the 
interpterygoid vacuity; laterally the two bones 
share an overlapping articulation (Figures 3, 5). 
Dorsally, this process is somewhat cup-shaped 
(concave mediodorsally); at its lateral extent it 
forms a slightly interlocking articulation with the 
palatine process of the prefrontal. The anterior 
surface of the maxillary process and the lateral 
surface of the vomerine process together mark 
the space of the internal choana. Ventrally the 
internal choana appears as a broad groove (convex 
dorsally) entering into the palatal region from the 
anterolateral portion of the skull (Figure 9B). 

The pterygoid process is distinct immediately 
posterior to the junction of the maxillary and 
vomerine processes (Figure 9). It extends in a gentle 
posterolateral curve, the medial surface of which 
contains a distinct groove for the articulation with 
the palatine process of the pterygoid. In both dorsal 
and ventral views, the palatine forms approximately 
one half of the medial longitudinal length of the 
suborbital fenestra (palatine fenestra of Moody 1980; 
our observations of this region differ from Moody's 
score for Moloch for his character 53). 

Pterygoid 

The pterygoid is a slender, weakly cruciform 
element that constitutes the posterior part of the 
bony palate (Figures 3,11). It is edentulous in Moloch, 
as it is in other acrodont iguanians (Estes et al. 1988). 
The pterygoid contacts the palatine anteriorly, the 
ectopterygoid laterally, the epipterygoid dorsally. 
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the basipterygoid processes of the sphenoid 
posteromedially and the quadrate posterolaterally. 
The medial margins of the two pterygoid bones 
are widely separated posteriorly on the palate, but 
gradually approach one another anteriorly, reaching 
their closest approximation at about the level of the 
pterygoid-palatine suture (at approximately the 
midpoint of the suborbital fenestra). They are never 
in contact. The cartilaginous trabecula communis is 
situated between the pterygoids (Figure 12). 

Four distinct processes are evident; the anterior 
and posterior ones are elongate, the medial and 
lateral ones are short (Figure 11). The anterior 
palatine process is dorsoventrally flattened and 
narrow, exhibiting a gentle anterolateral curve 
that forms the posteromedial margin of the 
suborbital fenestra. At its anterior end is an 
indistinct articulation facet for the palatine. 
At approximately the middle of its length, the 
ventral surface is pierced by a tiny foramen that 
penetrates the interior of the bone posteriorly 
(Figure 11B); its function is unknown. The posterior 
quadrate process is more robust and has a dorsal 
inflection, with a progressive dorsal expansion 
posteriorly. That expanded sheet of bone is 
slightly concave medially, and anteriorly forms a 
distinct basipterygoid fossa that accommodates the 
basipterygoid process of the sphenoid. Posteriorly 
the lateral surface of the quadrate process is in 
direct contact with the quadrate. 


A weak posteroventrally oriented cranial coronoid 
process, which in other agamids is formed by the 
ectopterygoid and pterygoid, is formed in Moloch 
predominantly by the ectopterygoid process of the 
pterygoid. The ventral extent of the cranial coronoid 
process is limited, reaching to just below the level of 
the most posterior point of the maxilla-jugal contact 
(Figure 4). The ectopterygoid process splits off 
from the main axis of the pterygoid just posterior 
to the midpoint of the bone's length. It is in broad 
contact with the ectopterygoid, in a complex 
articulation in which the ectopterygoid embraces 
the dorsal surface of the pterygoid and participates 
in the proximal part of the cranial coronoid process 
ventrally (Figures 4,10). 

The posteromedially-directed sphenoid process 
branches off the main axis of the pterygoid just 
posterior to the branching of the ectopterygoid 
process. The sphenoid process is roughly 
triangular in shape, with a rounded apex oriented 
posteromedially and forming a short shelf 
ventromedial to the anterior portion of the 
basipterygoid fossa. 

The foot of the epipterygoid sits within the 
dorsal fossa columellae (Figure 11A). That fossa is 
positioned at the base of the dorsal sheet of bone 
that makes up the quadrate process. It forms a 
relatively shallow oval depression, elongated along 
an anteromedial-posterolateral axis. 



Figure 15 Frontals of Moloch horridus, showing ontogenetic transformations of morphology. Anterior to top for all. A. 

Dorsal view of our smallest (and presumably youngest) specimen, WAM R146914. B. Ventral view of smallest 
specimen, WAM R146914. C. Dorsal view of adult specimen WAM R38691. D. Ventral view of adult specimen 
WAM R38691. Scale bar = 1 mm. 
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The ventral surface of the pterygoid is flat (Figure 
11B). Although the quadrate process narrows 
posteriorly, Moloch appears to be unique among 
Australian agamids because it does not form a 
sharp, blade-like ventral surface as seen in other 
taxa (e.g. Chelosania , Ctenophorus, Lophognathus, 
Pogona ; Moody 1980). 

Epipterygoid 

The epipterygoid is incompletely formed in 
Moloch (Figure 13). It is broad at its base, where it 
sits in the fossa columellae of the pterygoid. It tapers 
just dorsal to this articulation and rises a variable 
distance as a columnar structure; in ROM R50 is 
rises to approximately the height of the incisura 
prootica of the prootic (Figure 13). In QM J11492 
and WAM R27737B it extends a greater distance, 
to approximately the midpoint of the height of 
the ampullary recess of the anterior semicircular 
canal. Its dorsal end is slightly compressed 
mediolaterally and shows a slight medial inflection. 
The columnar portion of the bone rises from the 
anteromedial portion of the base. Posterolaterally 
the base appears as a short 'toe' extending a short 
distance beyond the level of the columnar portion. 
Combined with the medial inflection at the distal 
end of the bone, this lends a sinuous appearance to 
the bone in anterior view. 

The reduction of the epipterygoid in Moloch is 
another interesting morphological convergence 
with some members of the North American horned 
lizards of the genus Phrynosoma. Phrynosoma solare 
was previously reported to lack an epipterygoid 
(Presch 1969) or to display various degrees of 
reduction (Axtell 1986). 


Nasal 

The nasal is a thin, delicate element that contacts 
the premaxilla anteriorly, the frontal posteriorly 
and the maxilla and prefrontal posterolaterally 
(Figure 5). In dried skulls, the nasals appear to 
be in contact along the midline for most of their 
length, but at least some of this contact area is filled 
with connective tissue, and no distinct articulation 
facets between the nasals are discernable. The 
premaxillary process of the nasal is splint-like and 
articulates with the lateral edge of the nasal process 
of the premaxilla via a weak articulation facet. The 
anterior ends of the nasals are thus separated by the 
nasal process of the premaxilla. The premaxillary 
process of the nasal forms the dorsomedial border 
of the external naris. 

Posteriorly, the nasal expands laterally along a 
gentle curve that forms the dorsal margin of the 
external naris. Posterior to that margin, the nasal 
makes its initial contact with the facial process of 
the maxilla. In smaller individuals a short, finger¬ 
like maxillary process (Figure 14) is distinct and 
marks the anterior part of the articulation with the 
maxilla. That articulation continues posteriorly a 
short distance, and a small fenestra between the 
two elements is present in smaller specimens; 
its position varies among specimens. In larger 
individuals, the maxillary process is less distinct, 
and forms the only area of contact between the 
two elements. No distinct articulation facets for 
the maxilla are present. Posterior to the maxillary 
contact area, the nasal is in broad contact with the 
prefrontal. In our smallest specimens (e.g. WAM 
R146914, Figure 14), no distinct articulation facet is 
visible, but in a larger disarticulated specimen (e.g. 



Figure 16 Parietal of Moloch horridus, WAM R27737A. A. Dorsal View. B. Ventral view. Anterior to top in both views. 
Scale bar = 1 mm. 
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Figure 17 Left prefrontal of Moloch horridus, WAM R146914. A. Anterior view. B. Slightly oblique posterolateral view. 
Scale bar = 1 mm. 


WAM R27737A), an abutting articulation facet is 
present immediately posterior to the emargination 
marking the border of the tiny fenestra (in that 
case apparently marking the posterior edge of the 
maxillary articulation area). 

At its posterior margin the nasal is in contact 
with the frontal; the nature of this contact is not 
clear, but distinct articular facets are not obvious on 
either element in disarticulated specimens (Figures 
14,15). The posterior portion of the nasal is slightly 
concave dorsally, and forms a continuation of a 
shallow depression present on the central portion 
of the anterior half of the frontal. The premaxillary 
process forms a moderately steep ventral curve to 
meet the premaxilla. Moloch lacks the nasal foramen 
seen in the agamid Uromastyx (Moody 1980). 

Lacrimal 

There is no lacrimal. 

Frontal 

As in other iguanians, the embryonic frontals of 
Moloch appear to fuse into a single element early in 
prenatal ontogeny (Estes et al. 1988; Figure 15). The 
frontal is the dominant bone of the anterior skull 
roof, and contributes to the medial and posterior 
portions of the orbital margin (Figure 2). It is a 
dorsoventrally flattened, T-shaped bone (with the 
cross bar at the posterior end of the bone). The 
posterior margin is approximately three times the 
width of the anterior margin. It contacts the nasals 
anteriorly, the prefrontal anterolaterally, the parietal 
posteriorly and the postorbitals posterolaterally. 
Its dorsal surface lacks significant sculpture, but a 


few rugosities are present along the posterolateral 
processes in larger specimens (Figure 15C, D). The 
middle portion of the dorsal surface of the anterior 
half of the bone forms a shallow depression. 

The anterior portion of the bone has an uneven 
margin, and appears slightly serrated in the 
disarticulated element. In young individuals, 
the lateral margins of the anterior portion of the 
frontal bear distinct, triangular, grooved facets for 
the prefrontal (Figure 15B). In the adult, a tighter, 
interlocking articulation is formed, and is reflected 
on the frontal by the clear presence of additional 
articulation facets on the dorsal surface (Figure 
15C). The ventral surface is smooth along most of 
its extent, but distinct cristae cranii (descending 
processes of Estes et al. 1988) are weakly developed 
and converge slightly towards the midpoint 
of the length of the bone, then diverge sharply 
posterolaterally. 

The posterior margin is interrupted at the midline 
by a notch, representing the anterior portion of the 
frontoparietal fenestra (= pineal or parietal foramen 
of other authors). On either side of that notch are 
two somewhat rounded posterior projections that 
articulate with the parietal in the adult; in smaller 
specimens, these form the anterior margin of an 
enlarged opening, the parietal fontanelle (e.g. 
Maisano 2001). Lateral to these are narrow, distinct 
shelves that serve as articular facets for the parietal. 
The posterolateral tips of the frontal are in contact 
with the postorbitals. 

Postfrontals 

There is no postfrontal. 



212 


C.J. Bell, J.I. Mead, S.L. Swift 


Parietal 

The parietal is a single element (early ontogenetic 
fusion of the parietal is a squamate synapomorphy; 
Estes et at 1988). It is somewhat vaulted dorsally, 
and roofs the anterior part of the otooccipital 
elements of the braincase. It contacts the frontal 
anteriorly, the postorbital anterolaterally, the 
squamosal and supratemporal posterolaterally and 
the supraoccipital posteriorly (via the processus 
ascendens on the latter element). It is closely 
associated with the paroccipital process of the 
otooccipital posteromedially. 

In the adult, the posterior edge of the 
frontoparietal fenestra notches the anterior margin 
of the parietal along the middle of its length (the 
notch is distinctly deeper and wider in smaller 
individuals, where it represents the posterior 
margin of the progressively-shrinking parietal 
fontanelle of the juvenile; Figure 16; Maisano 
2001). In the adult, the area on either side of the 
frontoparietal fenestra accommodates the posterior 
projections of the frontal in a weakly interdigitating 
suture. At the lateral edge of the dorsal surface 
a short parietal tab is present and overlaps the 
frontal. In ventral view, the posterior edge of the tab 
terminates at a narrow and short ventral process. 
Lateral to this is a roughly triangular (apex to 
dorsal) articular facet for the postorbital (Figure 
16B). 

Posterior to the postorbital articular facets, the 
parietal is constricted where it forms the medial 
border of the supratemporal fenestra. Along this 


margin, a smooth, ventrally-projecting surface 
marks the attachment of the adductor muscles; this 
surface is partially roofed by a slight overhanging 
projection from the dorsal surface of the parietal. 

The post-parietal processes are strongly divergent, 
and project ventrolaterally. The angle of divergence 
changes through ontogeny, becoming wider with 
increased size of the parietal. The angle between 
the parietal table and the ventrolateral projection 
is slight. The post-parietal processes are widest at 
their base, taper distally, and are roughly triangular 
in cross-section (Figure 16). At the distal tip of each 
is a distinct articular facet for the supratemporal; 
the squamosal also articulates in this area, but no 
distinct facet is discernable. 

At the posterior mid-point of our specimens, a 
distinct notch is visible in dorsal view (it appears 
more pronounced in the juvenile). Immediately 
ventral to this notch is a short excavated space 
that accommodates the processus ascendens of the 
supraoccipital, and terminates in the fossa parietalis 
(parietal fossa of Oelrich 1956; Figure 16B). In 
smaller individuals there is a small gap between 
the processus ascendens and the medial edge of 
the post-parietal processes. In larger individuals 
this gap may close, forming the appearance of a 
solid bony connection between the parietal and the 
dorsal portion of the braincase (Moody 1980). In 
incompletely cleaned specimens, the small gap may 
be filled with tissue, and may resemble the adult 
condition. 

The dorsal surface of the parietal supports two 
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Figure 18 Left postorbital of Moloch horridus, WAM R146914. A. Lateral view, anterior to left. B. Medial view, anterior to 
right. Scale bar = 1 mm. 
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Figure 19 Left jugal of Moloch horridus, WAM R146914. A. Lateral view. B. Medial view. Scale bar = 1 mm. 


distinct parietal bosses (Evans 2008; Figure 16A). 
These are situated on either side of the midline, 
between approximately one-third (e.g. WAM 
R146914) or one-half (e.g. QM J11492) the distance 
along the length of the bone. The bosses are 
distinct, but small, in younger individuals, and 
increase in size and extent of development in larger 
individuals. The ventral surface of the parietal is 
concave beneath the bosses (Figure 16B). 

Prefrontal 

The prefrontal is a robust bone, forming the 
anterodorsal margin of the orbit, and most of the 
medial margin of the enlarged lacrimal fenestra 
(Figure 17). It contacts the facial process of the 
maxilla anteriorly, the nasal anteromedially, the 
frontal medially and the palatine ventrally. The 
dorsal and dorsolateral surfaces have a rough, 
knobby sculpturing, and form a weak boss (Figures 
5,17). 

Anterodorsally the prefrontal forms a ventrally 
directed, elongate shelf of bone, the ventral part 
of which forms a distinct articulation facet for the 
maxilla (Figure 17A). Behind that facet, a distinct 
dorsal slot is the bone is masked in anterior view 
by the maxilla (Figures 5, 17A). Ventral to that slot 
a distinct palatine process bifurcates slightly near 
its distal extent, with an anteromedial portion 
contacting the lateral surface of the vomerine 
process of the palatine, and a posterolateral 
portion articulating with the maxillary process of 
the palatine. Posteromedially, the lateral frontal 
process inserts into a distinct lateral groove on 
the anteroventral surface of the frontal. In adults, 
a dorsal frontal process is well developed, and 
articulated on the anterolateral dorsal surface of the 
frontal. The prefrontal does not contribute to the 
margin of the infraorbital fenestra (Figure 10). 


Postorbital 

The postorbital is a robust bone in Moloch. It 
forms the dorsal portion of the postorbital bar, and 
the anterodorsal portion of the temporal arch. It 
participates in the central posterior margin of the 
orbit, and the anterior margin of the supratemporal 
fenestra. It is a distinctly triradiate element, with 
a pronounced and robust frontoparietal process 
dorsally, a dorsoventrally flattened jugal process 
anteroventrally and a splint-like squamosal process 
posteroventrally (Figure 18). The postorbital 
contacts the frontal anterodorsally, the parietal 
posterodorsally, the jugal ventrolaterally, the 
ectopterygoid ventromedially and the squamosal 
posteroventrally. 

The frontoparietal process has a distinct dorsal 
articulation facet; the medial and posterior portions 
of which firmly articulate with the parietal. 
Anterolaterally is a smaller articulation facet for 
the frontal. Distally, the jugal process expands 
medially to contact the ectopterygoid in a slightly 
interdigitated suture (the complexity of that 
articulation can be seen only in disarticulated 
material). Laterally that process joins the jugal in 
a relatively wide overlapping articulation. The 
squamosal process is short and dorsally over-rides 
the squamosal. The squamosal process forms the 
anterolateral margin of the supratemporal fenestra; 
the anterior margin of that fenestra is formed as 
a gentle curve along the posterior portion of the 
postorbital. 

The broad, flattened, lateral surface of the bone 
is oriented obliquely towards the posterior end of 
the skull; in a direct lateral view this surface is less 
visible than it is in a direct posterior view (character 
20 of Moody 1980). There is no distinct anterodorsal 
knob or boss on the postorbital. 
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Figure 20 Left squamosal of Moloch horridus, WAM 
R146914, in ventromedial view. Anterior to 
right. Scale bar = 1 mm. 



Figure 21 Left supratemporal of Moloch horridus, WAM 
R146914, in medial view. Anterior is to right, 
dorsal is to top. Scale bar = 0.5 mm. 


Jugal 

The jugal forms the ventral and posteroventral 
portion of the orbital rim, and the anteroventral 
portion of the supratemporal arch. It represents 
the lateralmost extent of the skull in Moloch, and 
is a relatively robust bone, with distinct maxillary 
and postorbital processes (Figure 19). The jugal 
contacts the maxilla anteroventrally, the postorbital 
dorsally, the squamosal posterodorsally and 
the ectopterygoid medially. The jugal closely 
approaches, and in some specimens (e.g. ROM R50) 
may contact, the palatine anteriorly. The jugal is 
well developed in its dorsal extent but does not 
separate the postorbital from contact with the 
squamosal (Figure 4). It does not participate in 
the margin of the infraorbital fenestra, although it 
closely approaches it. 

The jugal is prominently visible in a dorsal view 
through the orbit of the skull, and its ventromedial 
extent is best appreciated in that view (Figure 2). In 
lateral view, the anterior portion of the maxillary 
process is obscured from view by the orbital 
process of the maxilla. The maxillary process is in 
continuous contact with the orbital process of the 
maxilla until the distal end of the maxilla; the two 
elements there form a sharp corner, just posterior 
to the last maxillary tooth. Medial to that position. 


their articulation is braced by a strong contact 
with the ectopterygoid. The articulation facet for 
the ectopterygoid is distinct on the ventromedial 
surface of the disarticulated jugal (Figure 19B). 
Dorsally, the maxillary process begins a gentle 
crescent-shaped curve that extends along the 
anterior margin of the postorbital process of the 
jugal and marks the posteroventral portion of 
the orbit. The dorsomedial surface of the bone is 
dominated by a triangular articulation facet (apex 
to ventromedial side) for the postorbital (Figure 
19B). A distinct, but less obvious, articulation facet 
for the squamosal is present on the lateral surface 
of the posterodorsal corner of the jugal. In lateral 
view of the articulated skull, the area of contact 
with the postorbital exceeds that of the area of 
contact with the squamosal. At least one distinct 
foramen (sometimes two) pierces the lateral surface 
of the jugal at about the midpoint of the postorbital 
process (Figure 19). It is oriented dorsomedially, 
and is present on the medial surface immediately 
ventral to the articulation with the postorbital. 
In other iguanians, a foramen in this position 
transmits a sub-branch of the maxillary branch of 
the trigeminal nerve (V2; Oelrich 1956). 

Squamosal 

The squamosal (paraquadratum of Siebenrock 
1895) forms the posterior portion of the temporal 
arch, and the posterolateral margin of the 
supratemporal fenestra. It is weakly sinuous 
in shape (Figure 20), and is nearly uniform in 
thickness for the anterior two-thirds of its length; 



Figure 22 Oblique view of right ventrolateral portion of 
the skull of WAM R27737B, showing stapes in 
position in the fenestra ovalis, and the articu¬ 
lated supratemporal just beyond it. Anterior 
to right. Scale bar = 1 mm. 
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posteriorly it is dorsoventrally compressed. The 
squamosal contacts the postorbital anterodorsally, 
the jugal anteroventrally; posteroventrally it 
contacts the supratemporal laterally, and the post- 
parietal process of the parietal medially. There is 
no clear articulation facet for the supraoccipital, 
and the two appear to articulate along a relatively 
smooth gliding surface. The squamosal is closely 
associated with, but not sutured to, the paroccipital 
process of the otooccipital. The articulation with 
the parietal obscures almost all of the contact 
with the supratemporal in dorsal view; in cleaned 
skulls, a corner of the supratemporal may be visible 
at the posterolateral edge of the squamosal. The 
squamosal lacks the posteroventral projection seen 
in some other Australian agamids (e.g. Caimanops, 
Hydrosaurus; Moody 1980). 

Supratemporal 

The supratemporal (squamosal of Siebenrock 
1895) is significantly reduced in size but is 
present as a minute, roughly triangular bone 
that is obscured from view in all but the most 
immaculately cleaned articulated skulls (Figure 
21). It is best exposed ventrally, where it articulates 
with the ventromedial surface of the squamosal 
(Figure 22). Its small size and obscured position 
explain previous reports of its absence in Moloch 
(Siebenrock 1895; Moody 1980; Witten 1993; Evans 
2008). As an isolated element it is easily overlooked. 
We were able to identify the supratemporal in two 
articulated skulls (ROM R50 and WAM R27737B), 
two partially disarticulated skulls (TMM M721 


and WAM R38691) and our fully disarticulated 
specimen (WAM R146914). The isolated element is 
most robust ventrally, thinning dorsally to a nearly 
transparent sheet of bone. Its dorsal end is notched 
near the posterior edge. It reaches its dorsalmost 
extent anteriorly where it narrows anteroposteriorly 
to a thin splint that appears to be broken in all 
isolated specimens available to us (Figure 21). A low 
and almost indistinct ridge traverses the medial face 
anterodorsal to posteroventral. Just anterior to its 
posteroventral extent, a minute foramen penetrates 
the bone in some specimens. The lateral surface is 
nearly flat, and closely abuts the squamosal (Figure 
22 ). 

The primary contact of the supratemporal is 
with the ventral surface of the posterior portion 
of the squamosal. It has a slightly interlocking 
articulation with the posterolateral tip of the post- 
parietal process. Although there is no direct bony 
connection, the supratemporal is closely associated 
with the cephalic condyle of the quadrate and the 
paroccipital process of the otooccipital. 

Quadrate 

The quadrate forms the primary articulation 
between the skull and mandible via the cephalic 
and mandibular condyles. It forms the posterior 
margin of the infratemporal fenestra (open 
ventrally, as in all other squamates) and the 
subtemporal fenestra. It contacts the squamosal 
anterodorsally, the supratemporal dorsomedially, 
the pterygoid ventromedially and the articular (on 
the mandible) ventrally. There is no direct contact 



Figure 23 Right quadrate of Moloch horridus, WAM R27737A. A. Posterior view. B. lateral view. Scale bar = 1 mm. 
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Figure 24 Left ectopterygoid of Moloch horridus, WAM R146914. A. Dorsal view. B. Posterior view. Medial to right in 
both views. Scale bar = 1 mm. 


with the paroccipital processes. A lateral tympanic 
conch is well-developed, but a medial lamina is at 
best only weakly developed (e.g. ROM R50) and a 
pterygoid flange is absent (Figure 23). 

The cephalic condyle forms the dorsal extremity 
of the bone, and is larger than the mandibular 
condyle. In some individuals (e.g. ROM R50) a 
distinct dorsal notch is present just lateral to 
the cephalic condyle; it is absent in our smallest 
individual (WAM R146914) and in one of our largest 
specimens (TMM M-721). 

The mandibular articulation has two distinct 
condylar surfaces. In smaller individuals (e.g. 
WAM R146914) the two are approximately equal 
in size (Moody 1980), but in larger individuals 
the medial condyle is distinctly larger (e.g. ROM 
R50, TMM M-721, WAM R27737B). The two 
have different orientations, with the long axis 
of the medial condyle oriented approximately 
anteroposteriorly, and the long axis of the lateral 
condyle oriented anterolaterally/posteromedially 
along an approximately 45 degree line relative 
to the midline of the skull. The medial condyle 
extends farther ventrally than does the lateral 
condyle (Figure 23A). 

The anterior surface of the quadrate is curved 
and smooth. The posterior surface is concave and 
dominated by a dorsoventrally oriented posterior 
crest (Figure 23). There is no apparent groove 
marking the passage of the mandibular artery, nor 
a quadrate foramen as found on some iguanids 
(Oelrich 1956). 

The tympanic crest (convex anteriorly) occurs as 
a broad arch along the lateral edge of the tympanic 
conch, and provides the attachment for the anterior 
portion of the tympanum (Figure 23B). 


Ectopterygoid 

The ectopterygoid (transversum of Siebenrock 
1895) serves as a brace between the posterior palatal 
region and the lateral maxilla-jugal bar. It forms 
the posterior margin of the suborbital fenestra, 
and the anterior margin of the subtemporal 
fenestra. It contacts the pterygoid medially, the 
maxilla posterolaterally, the jugal laterally and the 
postorbital posterodorsally. These articulations 
are complex. The pterygoid process clasps the 
pterygoid, with a broad, elongated, posteromedially 



Figure 25 Articulated left scleral ring of Moloch horridus, 
WAM R2. First, last, positive, and negative 
ossicles are labeled; borders between some 
ossicles are highlighted for clarity. Scale bar = 
1 mm. 
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directed dorsal projection (Figure 10), and a shorter, 
posteroventrally oriented projection firmly sutured 
to the pterygoid and participating in the formation 
of the cranial coronoid process (Figure 4). 

Laterally, the bone is triradiate (Figure 24). 
Anterolaterally, the ectopterygoid contacts the 
dorsal surface of the maxilla just above the 
posterior portion of the tooth row, and articulates 
with the ventromedial surface of the jugal in an 
abutting articulation. Posterodorsally, a short ramus 
contacts the ventralmost tip of the postorbital. 
Posteroventrally a broad ventral ramus embraces 
the posterior end of the maxilla just behind the last 
tooth, and abuts the jugal at the corner where the 
postorbital process begins is dorsal ascent. 

Scleral ring 

Acrodont iguanians (agamids and chameleons) 
have only 11 or 12 bony scleral ossicles in the eye 
(Estes et al. 1988). Although Moloch was included in 
an extensive summary of eye anatomy in lizards 
(Underwood 1970) specific details regarding scleral 
ring structure are not available in the literature. 
Moody (1980) scored Moloch as having 12 ossicles, 
but we cannot confirm that with material available 
to us. 

The scleral ring morphology could be studied 
only in one of our specimens. We follow the 
terminology and nomenclature of Underwood 
(1970) for the scleral ring. The left eye of WAM 
R2 was removed from the head and dissected to 
reveal the ring. The dorsal portion of the ring was 
damaged prior to our examination (Figure 25), but a 
full ossicle count and formula could be determined, 
nonetheless. Eleven ossicles are present; ossicles 1 


and 6 are positive (overlap both adjacent ossicles), 
and ossicles 4 and 8 are negative (are overlapped by 
both adjacent ossicles). This is the 'rare' condition 
for agamids according to Underwood (1970). The 
discrepancy between our data and those presented 
by Moody (1980) for Moloch suggest either that his 
matrix was incorrectly scored for this feature (his 
character 56), or that the ossicle count in the scleral 
ring of Moloch is polymorphic. Unfortunately, we 
were able to dissect only one eye from a single 
specimen. 

General features of the braincase 

The braincase can be viewed in two distinct 
components, the orbitotemporal region and the 
otooccipital region (Evans 2008). The former 
consists of the membranous braincase, the paired 
orbitosphenoid ossifications, and the associated 
cartilages. The otooccipital region is well ossified 
in Moloch , and consists of three unpaired midline 
elements (the supraoccipital dorsally, and the 
sphenoid and basioccipital ventrally) and the paired 
anterior prootics and posterior otooccipitals. In 
our largest specimens the sutures between those 
elements are still distinct, although the elements 
appear to be well fused (Figure 26). 

In dorsal view of the articulated skull, the 
supraoccipital and paroccipital processes of the 
otooccipitals are visible, as are the anteromedial 
portions of the prootics (seen through the 
supratemporal fenestrae; Figure 2). The paroccipital 
processes are short, and terminate laterally with 
an anterior hook-like curvature. This forms the 
posterior and lateral margins of a rounded notch, 
the medial border of which is formed by a short 



Figure 26 Articulated braincase of Moloch horridus, WAM R27737A. A. Dorsal view. B. Ventral view. C. Lateral view. 
Anterior to left in all views. Scale bar = 1 mm. 
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Figure 27 Detailed view of the dorsal surface of the 
right side of the otooccipital portion of the 
braincase of WAM R27737A. The right paroc- 
cipital process is visible on the right edge 
of the image, the reduced sphenoccipital 
fenestra (sphf), and the secondary foramen 
posterior to it (psfef) are shown (the latter 
communicates with the endolymphatic fora¬ 
men). Scale bar = 1 mm. 


ridge on the prootic that overhangs the fenestra 
ovalis (Figure 26). In most specimens, the rounded 
notch is quite shallow, but in WAM R27737A a 
greater anterior extension of the paroccipital process 
results in a more pronounced notch (Figure 26). The 
parietal obscures other features of the braincase 
in dorsal view. Most notable of these is a distinct 
depression formed in the area surrounding the 
dorsal convergence of the supraoccipital, prootic, 
and otooccipital. In the two specimens where this 
feature can be readily examined, there is a small 
fenestra positioned near the anterior end of the 
depression, and between the semicircular canals 
(Figure 27). A tiny hair passed through this fenestra 
will enter the cranial cavity at or just anterior to the 
suture between the prootic and supraoccipital, the 
position at which the large sphenoccipital fenestra 
(epiotic foramen of Moody 1980) opens in other 
agamids. This fenestra thus apparently represents 
an extremely reduced sphenoccipital fenestra, an 
opening present in most agamids, but absent in 
Uromastyx and Leiolepis (Siebenrock 1895; Moody 
1980; Evans 2008) and some species of Stellio (Moody 
1980). In three previous discussions of agamid 
skulls (Siebenrock 1895; Moody 1980; Evans 2008) 
the fenestra was reported to be absent in Moloch. 
The reported absence may indicate variation in 
expression of this feature in Moloch , but more 
likely is a result of the small size of the fenestra 
and the fact that it is completely obscured by the 
parietal in articulated skulls. 

In WAM R27737A a second minute foramen is 


situated immediately posterior to the sphenoccipital 
fenestra, at the point where the supraoccipital, 
prootic and otooccipital meet. This foramen 
communicates with the otic chamber, and a hair 
can be passed through it, exiting the otic chamber 
via the endolymphatic foramen on the anteroventral 
side of the supraoccipital. 

In posterior view, the paroccipital processes 
project laterally and are not inclined dorsally 
(Moody 1980). The foramen magnum is roofed by 
a strong contribution from the supraoccipital. The 
basioccipital contributes to at best only a small 
portion of the ventral margin of the foramen 
magnum. 

Our description of the disarticulated otooccipital 
elements is based on our smallest (and presumably 
youngest) specimen (WAM R146914). As a 
consequence, our description applies specifically to 
the younger ontogenetic stages of Moloch. 

Orbitosphenoid 

The orbitosphenoids are positioned medial to the 
posterior portion of the orbit in Moloch. They ossify 
from within the embryonic pila metoptica and are 
simple, weakly triradiate elements that support part 
of the membranous braincase (Save-Soderbergh 
1947; Oelrich 1956). They are slightly concave 
medially. There are no connections between the 
orbitosphenoids and other ossified elements of 
the skull, and they frequently are lost (or remain 
unrecognized) in skeletal preparations. 

The ventral ramus of the orbitosphenoid is 
the longest of the three portions. It is slightly 
inflected posteriorly and is connected via a 
short cartilaginous strut to the hypochiasmatic 
cartilage. Dorsally, a short anterior process 
connects with the planum supraseptale, which 
extends from just beneath the posterior portion 
of the frontal, at the posterodorsal margin of 
the orbit. The orbitosphenoids are in place in 
QM J11492 (the only one of our specimens in 
which they remain intact in natural position). 
On the left side of this specimen, the bone is 
distinctly triradiate. On the right side there is no 
noticeable distinction between the anterodorsal 
and anteroventral rami. The orbitosphenoids also 
can be viewed in natural position in the digital 
model posted at <http://digimorph.org/specimens/ 
Moloch_horridus/head/>. The morphology of 
the orbitosphenoid is known to change through 
ontogeny in some iguanian lizards, progressing 
from simple, weakly triradiate morphology through 
complex quadriradiate morphology as ossification 
proceeds along orbital cartilages associated with 
the membranous braincase (de Queiroz 1987). Our 
sample does not permit a clear understanding 
of the degree to which the morphology changes 
during ontogeny in Moloch. 




Cranial osteology of Moloch 


219 


Sphenoid 

The sphenoid is an unpaired median bone 
and forms the anterior part of the floor of the 
cranial cavity (Figures 26, 28). It contacts the 
basioccipital posteriorly, the prootic laterally and 
posterolaterally and the pterygoids anterolaterally 
via the basipterygoid processes. The sphenoid 
has a slightly greater anteroposterior length than 
the basioccipital in our smallest specimen (WAM 
R146914), but in the larger specimens they are 
approximately the same length along the midline. 
The ventral surface of the sphenoid is relatively 
smooth. 

The anteriormost portion of the sphenoid consists 
of a pair of basipterygoid processes; these are 
directed anterolaterally with a ventral inflection. 
Their distal ends are somewhat bulbous and are 
oval in shape. Between the basipterygoid processes 
are the ossified bases of the trabeculae cranii. 
Immediately ventrolateral to each trabecula, the 
base of the basipterygoid process is pierced by the 
anterior opening of the vidian canal, a narrow canal 
floored by parasphenoid ossification (Stimie 1966) 
and transmitting the palatine branch of the facial 
nerve (cranial nerve VII) and the palatine artery 
(Oelrich 1956; Figure 28B). An ossified parasphenoid 
rostrum is not found in Moloch (Siebenrock 1895; 


Evans 2008). In two of our specimens (WAM R97222 
and WAM R27737B) a midline cartilaginous strut, 
the trabecula communis, is visible (Figure 12) and 
continuous anteriorly with a preserved portion of 
the interorbital septum. 

In dorsal view, the bases of the trabeculae cranii 
continue posteriorly as two low, broad crests, the 
cristae trabeculares, that he on either side of a 
shallow recess (the pituitary fossa) and terminate 
at a low vertical rise, the dorsum sellae (Figure 28A, 
B). At the base of the dorsum sellae, just medial to 
the cristae trabeculares, the carotid canals enter the 
base of the pituitary fossa, a shallow depression 
centered on the anterior end of the sphenoid (Figure 
26). Each of these canals continues laterally to join 
the vidian canal within the body of the sphenoid. 
On the lateral side of the braincase the posterior 
opening of the vidian canal is housed completely 
within the sphenoid (Figure 28D). 

The dorsum sellae is quite low in Moloch. Near 
its lateral edges it is pierced by the abducens canal, 
transmitting the abducens nerve (cranial nerve 
VI; Figure 28B, C). Dorsolateral to that foramen, 
the sphenoid reaches its greatest height at the 
alar process. The alar process articulates with 
the prootic dorsally, so the sphenoid does not 
participate in the margin of the incisura prootica 



Figure 28 Sphenoid of Moloch horridus, WAM R146914. A. Dorsal view, anterior to bottom. B. Anterior view. C. An- 
teroventral view, showing anterior opening of vidian canal. D. Lateral view, anterior to left. Scale bar 
= 1 mm. 
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(Figure 13). Posterior to the alar process, the lateral 
edge of the sphenoid shows distinct articular facets 
for the anterior inferior process of the prootic 
(Figure 28A). Posteriorly, the prootic facets meet 
the mediolaterally-oriented articulation areas that 
sweep under the basioccipital (Figure 28A). 

In posterior view (not shown) the sphenoid has 
two distinct articulation facets for the basioccipital 
(dorsal and lateral views of these are provided 
on Figure 28A, D). These sit on either side of the 
midline, but there is no articular region between 
them (a condition that may change with further 
ontogenetic development). The posteriormost 
portion of the sphenoid consists of an extensive 
sheet of parasphenoid ossification. This has a 
short extent along the midline, but is elongated 
posterolaterally into distinct parasphenoid wings 
(Figure 28A, D). The entire sheet forms a shelf that 
obscures the anterior portion of the basioccipital in 
ventral view in the articulated skull (Siebenrock 
1895). The posterior parasphenoid region makes up 
approximately one-third of the total length of the 
sphenoid. Although Siebenrock (1895) indicated 
that the parasphenoid wings reached the anterior 
edge of the basal tubera in his specimens of Moloch, 
they fail to do so in all but one of the specimens 
we examined; the exception is QM J11492, in which 
the wings just reach the base of the tubera. Our 
observations are, thus, largely concordant with 
those of Moody (1980) for Moloch. 

Basioccipital 

The basioccipital is a relatively simple bone in 
Moloch (Figure 29). It forms the floor of the posterior 
portion of the cranial cavity and its posterior apex 


forms the ventromedial portion of the occipital 
condyle. It contacts the sphenoid anteriorly, 
the prootic anterolaterally, the otooccipital 
posterolaterally and facilitates the articulation with 
the atlas of the vertebral column via the occipital 
condyle. 

In dorsal view, the basioccipital appears 
as a shallow basin, thinning somewhat at its 
anteromedial portion. Anteriorly, it bears paired 
articular facets for the sphenoid; the flattened area 
between them lacks a distinct articulation facet 
and simply rests on top of the central portion of 
the parasphenoid sheet of the sphenoid (Figure 
29A; an association that may change with further 
ontogenetic development). The articulation facets 
for the prootic form the anterolateral edges of the 
basioccipital. On the posterolateral edges of the 
basioccipital are distinct, curving facets for the 
otooccipital. The basioccipital does not participate 
in flooring the recessus scalae tympani in Moloch. 

The ventral surface is smooth and convex for 
much of its surface (Figure 29B). At the lateral edges 
the basal tubera are developed. These structures 
are small, ventral prominences in the juvenile, but 
become considerably more robust, and somewhat 
anteroposteriorly elongated in the adult. The 
relatively weak appearance in the juvenile is almost 
certainly a result of the loss, in our macerated 
specimen, of unfused apophysial ossifications 
present in juveniles of other lizards (Maisano 2002a; 
Bell et al. 2003). Even in the adult they are weakly 
developed relative to those of other agamids 
(Moody 1980). The apophysial ossifications are 
present and distinct in QM J11492 and TMM-M721, 
and contribute significantly to the ventral extent 



Figure 29 Basioccipital of Moloch horridus, WAM R146914. A. Dorsal view. B. Ventral view. Anterior to top in both views. 
Scale bar = 1 mm. 
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of the basal tubera (Figure 30). In our smallest 
specimen (WAM R146914) there is a small ventral 
projection, situated on the midline just anterior 
to the occipital condyle (Figure 29B). No similar 
structure is seen on the larger specimens. 

Prootic 

The prootic (otosphenoideum of Siebenrock 1895) 
forms the anterolateral portion of the otooccipital 
region of the braincase. Internally, it forms the 
anterior portion of the cavum capsularis and the 
cochlear recess (lagenar recess), and houses portions 
of the anterior and horizontal semicircular canals 
and their ampullae. Posteriorly it forms the anterior 
border of the fenestra ovalis. Its body is pierced by 
foramina for the facial (VII) and vestibulocochlear 
(VIII) nerves (Figure 31). 

The prootic contacts the sphenoid anteroventrally, 
the basioccipital ventromedially, the otooccipital 
posteriorly and the supraoccipital dorsomedially. In 
lateral view, several distinct processes are visible. 
At the anterodorsal margin is a weak alar process, 
projecting beyond the anterior semi-circular canal. 
A distinct anterior inferior process forms the entire 
ventral margin of the incisura prootica (Trigeminal 
notch' of Oelrich 1956), a crescent-shaped notch in 
the anterior margin of the bone (Figures 13, 30, 31). 
The anterior inferior process bears an articular facet 
for the alar process of the sphenoid anteroventrally. 
In lateral view a narrow, spike-like supratrigeminal 



Figure 30 Left lateral view of braincase of TMM-M721, 
showing unfused apophysial ossification 
(BOao) augmenting the size of the basal tu¬ 
bera. The stapedial footplate and connective 
tissue fill the fenestra ovalis in this specimen. 
Scale bar = 1 mm. 


process projects anteriorly and bisects the incisura 
prootica (Figures 30, 31). The supratrigeminal 
process is well developed in Moloch. It approaches 
(but does not reach) the anterodorsal tip of the 
anterior inferior process, thus accentuating the deep 
appearance of the incisura prootica. 



Figure 31 Prootic of Moloch horridus, WAM R146914. A. Lateral view, anterior to left. B. Posteromedial view, anterior 
approximately to right. The foramina for cranial nerves VII and VIII are housed within the acoustic recess, 
visible in B. Scale bar = 1 mm. 
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Figure 32 Supraoccipital of Moloch horridus, WAM 
R146914. A. Dorsal view. B. Ventral view. An¬ 
terior to top in both views. Scale bar = 1 mm. 


The large posterodorsal portion (posterior 
process of Oelrich 1956) of the prootic is in broad 
contact with the otooccipital and accommodates the 
passage of part of the horizontal semicircular canal. 
A bulbous lateral projection near the anterodorsal 
end of the bone represents the passage of the 
anterior semicircular canal and the swelling of 
the ampullary recess. Posterodorsal to this is a 
less conspicuous ridge marking the passage of the 
horizontal semicircular canal. 

The facial foramen is clearly visible in lateral view. 
It sits ventral and slightly posterior to the swelling 
for the ampullary recess and is posterior to a 
weakly-developed crest running from anteroventral 
to posterodorsal. This crest begins near the base 
of the anterior inferior process, and extends 
posterodorsally to the base of the posterior process. 
This weak crest represents an extremely reduced 
crista prootica, usually well developed as a distinct 
ventrolaterally-projecting sheet of bone in other 
agamids. The crista prootica is indistinct in juvenile 
Moloch , but also poorly developed in adults, in stark 
contrast with most other Australian agamids. 

Just posterior to the most dorsal extent of the 
crista prootica the lateral wall of the braincase in 
hollowed out in a shallow rounded depression. In 
the center of the depression is the large fenestra 
ovalis; the anterior one-half of the margin of the 
fenestra ovalis is formed by the prootic. 

In posteromedial view, the prootic appears quite 


complex (Figure 31B). The anterodorsal portion of 
the bone is dominated by a large articular facet for 
the supraoccipital; near the anterior edge of this 
facet is an opening for the anterior semicircular 
canal. At the posterodorsal end of the bone is the 
larger dorsal articulation facet for the otooccipital. 
At its posterolateral margin, a short flange of bone 
projects posteriorly to embrace the anterior edge 
of the base of the paroccipital process. Between the 
two articulation facets the dorsal surface of the bone 
forms a shallow basin at the medial edge of which 
is a slight, almost imperceptible notch marking 
the prootic contribution to the margin of the tiny 
sphenoccipital fenestra. 

Ventral to the dorsal articular facet for the 
otooccipital, a deep, curved notch (convex to 
anterior) marks the anterior border of the fenestra 
ovalis. A shallow groove runs along a ventromedial 
traverse medial to lower margin of the fenestra 
ovalis; this groove marks the passage of the 
perilymphatic duct. A short, more-or-less triangular 
excavation (apex to ventral) ventral to the groove 
is the anterior portion of the cochlear (or lagenar) 
recess; narrow articulation facets for the otooccipital 
surround the recess. 

The central portion of the prootic in posteromedial 
view is dominated by a large circular opening 
into the tube-like ampullary recess. The anterior 
vestibulocochlear foramen (transmitting branches 
of cranial nerve VIII) perforates the floor of 
the bony tube just lateral to its posteromedial 
opening. Ventrally the anterior vestibulocochlear 
foramen opens into the dorsal portion of a shallow 
acoustic recess on the medial face of the prootic 
(Figure 31B). The lateral wall of the recess is 
pierced by the facial foramen (transmitting cranial 
nerve VII). Immediately posterior to the anterior 
vestibulocochlear foramen the posterodorsal wall 
of the acoustic recess is notched where it forms the 
anterior margin of the posterior vestibulocochlear 
fenestra. The posterior margin of that fenestra is 
formed by the otooccipital in older individuals, 
but does not appear to be fully formed in our 
youngest specimen (WAM R146914). Just ventral to 
the anterior vestibulocochlear foramen is a smooth, 
gradually sloping region that terminates in the 
articular facets for the sphenoid (anteriorly) and 
the basioccipital (posteriorly). In an anteromedial 
view, the supratrigeminal process is seen to be 
a continuation of a low crest that takes its origin 
dorsal and lateral to the acoustic recess. 

Supraoccipital 

The supraoccipital is an unpaired element 
that provides the roof of the posterior part of 
the braincase, and forms the dorsal margin of 
the foramen magnum. It contacts the prootic 
anterolaterally, the otooccipital posterolaterally, and 
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the parietal anteriorly via the processus ascendens. 
The processes ascendens is an anterodorsal midline 
projection that is well ossified in Moloch , even in 
our smallest specimen (Figure 32). The processus 
ascendens inserts into the fossa parietalis on the 
ventral surface of the posterior portion of the 
parietal (Figure 16). 

The dorsal surface of the supraoccipital shows a 
slightly raised area dorsal and medial to the prootic 
articular facet. Just posterior to that raised area 
is a shallow, ventrolaterally oriented depression 
that terminates in a small notch marking the 
supraoccipital contribution to the sphenoccipital 
fenestra. The dorsal surface otherwise is relatively 
smooth in the juvenile; in larger individuals a low, 
median crest extends posteriorly from the processus 
ascendens. 

The anterolateral margin of the bone bears a 
distinct articular facet for the prootic. The facet 
is penetrated by the anterior semicircular canal. 
The posterolaterally positioned otooccipital facet 
is pierced by the posterior semicircular canal. In 
the juvenile the passage within the bone of these 
two canals is visible in dorsal view. They converge 
within the anterior portion of the bone and pass 
into the cavum capsularis along a ventrolaterally 
oriented canal, the osseous common crus. A 
ventrolateral view of the bone clearly shows the 
opening for both semicircular canals and the 
common crus; the latter surrounded by a dorsally 
excavated area that marks the dorsomedial roof of 
the cavum capsularis (Figure 32B). In the adult, the 


medial wall of this portion of the cavum capsularis 
is pierced by a canal for the endolymphatic duct 
that exits the bone within the cranial cavity. In the 
juvenile, the endolymphatic duct is not contained 
within the supraoccipital. Instead, a small notch 
is present just medial to the common crus; the 
endolymphatic duct in the juvenile appears to 
traverse a path from near the ventral junction of the 
supraoccipital, prootic and otooccipital. 

Otooccipital 

The otooccipital bone (pleuroccipitale of 
Siebenrock 1895; exoccipital of Oelrich 1956) 
represents a fusion of exoccipital (posteromedially) 
and opisthotic (anteriorly) components, but those 
elements are not distinguishable in any of our 
specimens (Figure 33). It forms the posterior 
portion of the otooccipital region of the braincase, 
the lateral border for the foramen magnum and 
contributes the lateral components of the occipital 
condyle. Internally it includes the posterior portion 
of the cavum capsularis and the cochlear recess, 
and houses parts of the horizontal and posterior 
semicircular canals. It forms the posterior border of 
the fenestra ovalis, and is penetrated by passages 
for the posterior cranial nerves. 

The otooccipital contacts the basioccipital 
ventromedially, the prootic anteriorly and the 
supraoccipital dorsomedially. The paroccipital 
processes are closely associated with the post- 
parietal processes of the parietal. In posterior view 
a single hypoglossal foramen (transmitting cranial 



Figure 33 Left otooccipital of Moloch horridus, WAM R146914. A. Posterolateral view. B. Anteromedial view. Scale bar = 
1 mm. 
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nerve XII) is visible lateral to the dorsal edge of 
the occipital condyle (Figure 33A). Just anterior 
and slightly dorsal to that foramen is the larger, 
narrow posterior opening of the vagus foramen 
(transmitting cranial nerve X). Siebenrock (1895) 
noted that only two nerve foramina were present in 
this region in Moloch , but his 'hypoglossal foramen' 
is our vagus, and his 'vagus' is our hypoglossal. 
He also noted that the glossopharyngeal nerve 
(cranial nerve IX) passes through the vagus 
foramen and leaves no separate bony trace. In two 
specimens (WAM R27737A and WAM R38691) a 
tiny foramen is present within the anterior wall 
of the vagus foramen on the left side of the skull; 
this could represent a separate passage for the 
glossopharyngeal nerve as seen in some other 
squamates (Kamal 1969; Bellairs and Kamal 1981), 
but we do not have material at hand to confirm that 
with dissection. No separate foramen is visible in 
medial view in WAM R38691, but in WAM R27737A 
the foramen pierces the strut of bone between the 
internal vagus foramen and the medial aperture of 
the recessus scalae tympani. If this does represent 
a separate foramen for cranial nerve IX, then it is 
positioned differently than other lizards that show 
an intracapsular course for this nerve (Kamal 1969; 
Bellairs and Kamal 1981). In our other specimens 
of Moloch the glossopharyngeal nerve presumably 
passes out the recessus scalae tympani as in most 
other iguanians (Gauthier and Bell, pers. obs.). It 
is interesting, but probably not significant, that the 
asymmetry favors the left side in both specimens 
showing a separate foramen. The path of the 
posterior semicircular canal can be seen running 
dorsomedially from just dorsal to the vagus 



Figure 34 Articulated right mandible of Moloch horridus, 
WAM R27737B. A. Lateral view, anterior to 
right. B. Medial view, anterior to left. C. Dor¬ 
sal view, anterior to left. Scale bar = 1 mm. 
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foramen to just behind the articular facet for the 
supraoccipital. 

In lateral view, the posterior border of the fenestra 
ovalis is visible anterior to the paroccipital process. 
Posteroventral to it is the large lateral aperture of 
the recessus scalae tympani (LARST), a somewhat 
rounded opening of a tube-like cavity that extends 
from the internal cranial cavity (in cleaned skulls, 
the medial aperture of the recessus scalae tympani 
[MARST] is visible through the LARST). The 
recessus scalae tympani in Moloch is completely 
contained within the otooccipital; the basioccipital 
does not participate in its margin (Figure 33B). 
Just dorsal and slightly medial to the LARST is 
the perilymphatic foramen, an oval opening into 
the roof of the recessus scalae tympani. A well- 
developed crista interfenestralis (Save-Soderbergh 
1947) separates the LARST from the fenestra ovalis 
(Figures 26C, 30). A second crest, the crista tuberalis 
(Save-Soderbergh 1947), runs dorsoventrally just 
posterior to the LARST and separates the LARST 
from the vagus foramen (Figure 33A). 

In medial view the posteroventral surface is 
a smooth slope of bone descending from the 
posteromedial cranial surface of the cavum 
capsularis. Just dorsal to the articular facet for the 
basioccipital, and posterior to the ventral articular 
facet for the prootic, the smooth slope is pierced 
anteriorly by the MARST (Figure 33B). Posterior to 
the MARST is the slit-like vagus foramen, followed 
by a single, round hypoglossal foramen. In at least 
one specimen (WAM R27737A) an additional tiny 
foramen pierces the bony strut between the MARST 
and the internal vagus foramen on the left side of 
the braincase (see above). 

In anterior and anteromedial views, the posterior 
portion of the cavum capsularis and the cochlear 
recess are visible (Figure 33B). Two articulation 
facets are positioned posterodorsally. On the medial 
side the passage for the posterior semicircular 
canal is visible in the large, medially-oriented 
articular facet for the supraoccipital. On the lateral 
side, just medial to the paroccipital process, the 
horizontal semicircular canal pierces the dorsal 
articular facet for the prootic. The area ventral to 
these articular facets is the posterior portion of the 
cavum capsularis, where two large openings are 
clearly visible. The dorsal opening is continuous 
with a groove on the medial wall and represents 
the passage of the horizontal semicircular canal 
towards the utricular recess. The larger, ventral, 
opening is the ampullary recess for the posterior 
semicircular canal. Lateral to that recess is a 
shallowly grooved surface that lies just medial 
to the fenestra ovalis. The groove is oriented 
dorsoventrally and its ventral extent is the posterior 
portion of the cochlear recess. On either side of the 
cochlear recess are the ventral articulation facets 
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Figure 35 Left dentary of Moloch horridus, WAM 
R146914. A. Lateral view, anterior to left. 
B. Medial view, anterior to right. Scale bar 
= 1 mm. 


for the prootic. Medial to the cochlear recess, the 
oval-shaped perilymphatic foramen exits into the 
recessus scalae tympani (Figure 33B; our label 
points to the rim of the perilymphatic foramen; the 
dark space beyond represents a view through the 
LARST). 

Stapes 

The stapes is imperforate. The footplate sits 
within the fenestra ovalis. A well-developed 
stapedial shaft extends ventrolaterally from the 
anteromedial portion of the footplate, and reaches 
the level of the lateral edge of the paroccipital 
process of the otooccipital (Figure 22). 

Dentary 

The dentary is the only tooth-bearing bone on 
the mandible (Figures 34, 35). It is a tubular bone 
bearing acrodont and pleurodont teeth along its 
dorsal ridge. The dentary contacts the angular 
ventrally and posterolaterally, the surangular 
posteriorly and the coronoid posterodorsally. In 
lateral view it extends well posterior to the coronoid 
process, and reaches a level almost equal to the 
posterior extent of the posterolateral process of 
the coronoid bone. A few small mental foramina 
occur along the anterolateral surface of the dentary. 
The Meckelian fossa is open medially along its 
most of its length, but rotates to a ventral opening 
at the symphysis (Figure 35B). The posterior part 
of the dentary is marked with a complex series of 
articulation facets, and its distal extent is weakly 
bifurcated. The bifurcation is formed by an anterior 
notch that marks the passage of part of the inferior 
alveolar nerve (Oelrich 1956; Figure 35). That 
nerve forms a complete foramen in the surangular 
(the anterior surangular foramen; Figure 36); the 
dentary notch forms a 'pseudoforamen', effectively 
contributing to a lateral continuation of the true 


foramen in the surangular. The pseudoforamen 
is clearly visible on the lateral surface of the 
articulated mandible, ventral and slightly posterior 
to the coronoid eminence (Figure 34A). 

On the medial side of the dentary, three distinct 
articulation facets are visible posteriorly (Figure 
35B). The dorsal facet (the dorsal prominence) is 
a short dorsal extension of thin bone rising from 
the lateral surface of the dentary, and represents 
a weak coronoid process that does not rise above 
the height of the tooth row. Just medial and 
anterior to that process is a short coronoid shelf 
immediately ventral to the posteriormost teeth, 
marking the articulation with the anteroventral 
dentary process of the coronoid. The ventral surface 
of that articulation facet forms the dorsal surface 
of a strong flange of medially-inflected bone that 
marks the articulation with the surangular. The 
dentary has a strong overlapping articulation with 
the surangular, so that approximately one-third 
the length of the surangular is obscured from view 
laterally in the articulated mandible. There is no 
distinct facet for the ventral articulation with the 
angular. 

The dentary is roughly straight along much of its 
length, but there is a slight mesial curvature near 
the symphysis where the mesial tip forms a smooth 
articulation surface for the corresponding dentary. 
The dentition is described below. 

Surangular 

The surangular (supra-angular of Oelrich 1956) is 
a relatively flat bone that forms a significant portion 



Figure 36 Left surangular of Moloch horridus, WAM 
R146914. A. Lateral view, anterior to left. 
B. Medial view, anterior to right. Scale bar 
= 1 mm. 
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of the posterolateral wall of the mandible and most 
of the lateral rim of the adductor fossa (Figure 
36). It articulates with the coronoid dorsally, the 
dentary anteriorly, the angular ventrally and the 
articular posteriorly. The anterior one-third of its 
length is concealed by the dentary in the articulated 
mandible, but it extends anteriorly to the same level 
as the articular-prearticular. In older individuals, 
the two bones may fuse (e.g. WAM R27737A). In 
medial view of the articulated mandible a small 
portion of its medial surface is visible as the lateral 
wall of the adductor fossa. Laterally it shows a 
sinuous articulation with the angular ventrally. 
At its anterior articulation with the dentary, the 
anterior surangular foramen is visible. That foramen 
is fully formed in the surangular; the contribution 
of the dentary creates an external pseudoforamen. 
The anterior surangular foramen passes through 
the bone and opens from the adductor fossa at the 
posterior end of the Meckelian canal. 

Posteriorly the surangular expands into a 
dorsoventrally crescentic articulation that clasps 
the articular just anterior and lateral to the articular 
condyle. At the dorsal end of that articulation it 
forms a small prearticular process. The anterior and 
central portions of the lateral surface are marked 
by a strong articulation surface with dentary; this 
terminates in a dorsal notch that accommodates 
the posterodorsal portion of the dentary in a 
tightly-interlocking articulation. The anterior end 
of the notch sits just above the anterior surangular 
foramen. Medial and slightly dorsal to the notch, 
a shallow but distinct articulation facet for the 
coronoid is present. A second, smaller, posterior 
canal (with lateral and medial openings) penetrates 
the bone ventrally near the articulation with the 
angular. These foramina transmit branches of the 
inferior alveolar nerve (Oelrich 1956). 


Coronoid 

The coronoid is a roughly triangular bone 
with a pronounced coronoid process (Figure 
37). It has ventral contacts anteriorly with the 
dentary, posterolaterally with the surangular and 
posteromedially with the prearticular. The coronoid 
process is triangular in cross-section, and oriented 
nearly vertically with predominantly parallel 
sides. At its base the lateral surface abuts against 
the dorsal prominence of the dentary. There is no 
anterolateral process, but an anteriorly-directed, 
elongated medial process has a strong articulation 
with the coronoid shelf of the dentary. 

Posteriorly the coronoid bifurcates into short 
lateral and medial processes. The lateral process 
follows the posterodorsal limit of the dentary and 
has a short articulation with the lateral surface 
of the surangular. The medial process extends 
as a short splint of bone, forming a weak ridge 
that makes up the anteromedial portion of the 
dorsal border of the adductor fossa (mandibular 
foramen of Oelrich 1956). Ventrally it contacts clear 
articulation facets on the dorsal surface of the 
anteromedial portion of the prearticular. 

Moloch is the only known Australian agamid in 
which the posterior medial process of the coronoid 
fails to extend vertically to the ventral margin of the 
mandible (Moody 1980; Figure 38). We evaluated 
this in a large collection of specimens including 
all Australian agamid genera except Cryptagama 
(Appendix 2); the condition in Cryptagama is 
unknown. 

Angular 

The angular bone is a long slender bone that 
forms the ventral surface of the central portion of 
the mandible. The main body of the angular forms 
a trough-like structure that articulates with the 



Figure 37 Left coronoid of Moloch horridus, WAM R146914. A. Lateral view, anterior to left. B. Medial view, anterior to 
right. Scale bar = 1 mm. 
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Figure 38 Medial views of the right mandible of Moloch horridus, WAM R27737B (A), and Ctenophorus caudicinctus, 
WAM R167665 (B). Anterior to left. Ventral border of the coronoid bone in each specimen is highlighted. Scale 
bar = 1 mm. 


ventral edge of the surangular on the lateral wall, 
and with the prearticular on the medial wall. The 
trough structure becomes shallower anteriorly, 
where the medial side of the angular shallows in 
dorsoventral extent (Figure 39). 

The ventral border of the posterior half of the 
Meckelian groove is formed by the angular bone. 
Approximately half way along the length of the 
bone, the medial surface shows a slight step, which 
forms the ventral portion of a small fenestra, 
the dorsal margin of which is formed by the 
prearticular. Posteriorly the medial and lateral walls 
are pierced by a minute posterior angular foramen. 

Splenial 

There is no separate splenial in Moloch. It is not 
clear whether it is lost, or fused to another element 
of the mandible. An earlier suggestion that it is 
fused with the angular (Moody 1980) cannot be 
confirmed with any of our material. Given the 
gracile configuration of the angular, it seems more 
likely that the splenial (if present) is fused with the 
prearticular. 

Articular-prearticular 

The endochondral articular is inseparably 
fused with the dermal prearticular in Moloch 
(Figure 40). It contacts the angular ventrally, the 
surangular laterally, the dentary anteriorly and the 
coronoid anterodorsally. The prearticular portion 
is expressed predominantly as an extensive medial 
wall with a narrow ventral margin. Except for 
its posteriormost extent the bone is, thus, largely 


obscured in lateral view of the articulated mandible 
(by the angular, surangular and dentary); medially 
it is visible along most of its length, but is partially 
obscured ventrally by the angular, and dorsally 
by the coronoid (Figure 34). The central portion 
of the prearticular forms the medial wall of the 
mandibular fossa. A nearly straight retroarticular 
process is present immediately posterior to the 
articular surface itself. The total length of the 
retroarticular process is approximately one-quarter 
the length of the tooth row (Moody 1980). That 
process is pierced anteriorly just to the medial side 
of the midline on the dorsal surface by a foramen 
that transmits the chorda tympani branch of the 
facial nerve (CN VII) and probably the posterior 
condylar artery (Oelrich 1956). Two articulation 
facets for the quadrate are present, the lateral 
one is smaller than the medial one. There is no 
distinct medial (angular) process of the articular; 
at most there is a small bump beneath the medial 
articulation facet. The articulation facet for the 
angular is distinct ventrally. 

Dentition 

General configuration 

Dietary specialization in Moloch is mirrored 
by morphological specialization of its dentition. 
It is obligately myrmecophagous and is known 
to consume ants at a rate of ~45 min 1 , or up to 
about 1,350 individuals per day (Davey 1923); 2,500 
Iridomyrmex were recovered from a stomach by 
Pianka and Pianka (1970). The dentition of Moloch 
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is unique, and previously was discussed by Gervais 
(1861,1873), Edmund (1969), Moody (1980), Vorobjeva 
and Chugunova (1995), Hocknull (2002) and Evans 
(2008). Teeth are located on the premaxilla, maxilla, 
and dentary. Tooth implantation is predominantly 
acrodont, but also includes pleurodont teeth on the 
premaxilla and mesially on each of the maxillae 
and dentaries. The pleurodont teeth are few in 
number and are composed of simple conical pillars, 
all approximately the same size (Moody 1980), and 
situated on the premaxilla and mesial portions 
of the maxilla and dentary. The total number of 
pleurodont teeth from the three bones was reported 
to range between 11 and 13 by Moody (1980). He did 
not specify functional teeth versus tooth positions, 
but we assume he was referring to tooth positions. 
The presence of caniniform teeth was one potential 
agamid synapomorphy suggested by Estes et al. 
(1988: 194), but Moloch lacks caniniform teeth on the 
maxilla (Evans 2008). 

Premaxillary Teeth 

The alveolar border has positions for at least 
four, and as many as six, pleurodont teeth. Three 
functional teeth (two on the left and one on the right 
side of the midline) are present on the premaxilla of 
WAM R27737B; the opposite arrangement applies 
to WAM R97222, but the two teeth on the right are 
absolutely adjacent, suggesting that additional tooth 
spaces could be occupied. Only one functional 
tooth is present on each side of the midline in other 
specimens we examined (Figure 8). Three and 
five premaxillary teeth were recorded by Edmund 
(1969) for two specimens he examined, but the 
specimen he illustrated (reprinted by Vorobjeva and 
Chugunova 1995: 82) shows only two functional 
teeth (one on each side of midline). 

Maxillary Teeth 

The maxillary tooth row in Moloch (Figure 41) 
is among its most novel anatomical features. The 
premaxillary process is sometimes edentulous, 
and in those specimens the tooth row begins 
immediately ventral to the anterior edge of the 
facial process (Figure 41B). In the specimens we 
observed, a series of one to four short, conical teeth 
are positioned at the mesial end of the maxillary 
tooth row. The type of tooth implantation is difficult 


to determine for many of these teeth (Vorobjeva and 
Chugunova 1995), but at least some are pleurodont; 
two to three maxillary pleurodont teeth were 
reported by Hocknull (2002). 

The tooth row distal to the simple conical teeth 
consists of 11 to 14 acrodont teeth. A slightly higher 
count of 15 to 16 teeth was indicated by Edmund 
(1969), but he appears to have included pleurodont 
and acrodont teeth in his count; 15 acrodont teeth 
were reported by Hocknull (2002). All the acrodont 
teeth have the shape of mediolaterally compressed 
pyramids, having a broad base where they ankylose 
to the maxilla (Figure 41D). Tooth size increases 
distally along the tooth row (as noted by Siebenrock 
1895). The last tooth usually closely abuts the 
penultimate tooth, and is positioned just anterior to 
the articulation facet for the ectopterygoid. 

The first and second most mesial acrodont 
teeth are small triangular blades (mediolaterally 
compressed), positioned with the apical crests 
oriented ventrally (Figure 41A). Medial and lateral 
faces are slightly convex. Torsion continues so 
that by the third mesial acrodont tooth, the orbital 
process of the maxilla and its corresponding tooth 
row begin an inward (lingual) torsion (Siebenrock 
1895). By the posterior end of the tooth row the 
apical ends of the teeth have rotated and are 
oriented approximately 60-80° toward the midline 
of the skull (Figure 41C). With the inward torsion 
of the tooth row, each tooth develops a slight 
curvature to reorient the apices toward a somewhat 
more ventral orientation, instead of horizontal. This 
is best observed in young individuals because with 
abrasion of the teeth the ventral orientation tends to 
lessen. 

Dentary Teeth 

One to three simple, conical, pleurodont teeth 
are present at the mesial end of the dentary (Figure 
35; two to three pleurodont teeth were reported 
by Hocknull 2002). The pleurodont teeth are 
approximately the same size and shape as those on 
the premaxilla and maxilla (Moody 1980). We found 
12 to 14 acrodont teeth posterior to the pleurodont 
teeth. Edmund (1969:160), reported 16 to 18 teeth on 
the dentary, but he apparently included pleurodont 
and acrodont teeth in his count; other acrodont 
tooth counts include 15 (Siebenrock 1895) and 15 or 



Figure 39 Left angular of Moloch horridus, WAM 146914, in medial view; anterior to right. Scale bar = 1 mm. 
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Figure 40 Left articular-prearticular of Moloch horridus, WAM 146914. A. Lateral view, anterior to left. B. Medial view, 
anterior to right. C. Dorsal view, anterior to left. Scale bar = 1 mm. 


16 (Hocknull 2002). 

Teeth become overall larger and wider distally 
along the jaw (Figure 35). The apical pattern on the 
first acrodont tooth is a simple, single apex with 
shear abrasion in a V-shape. The apices are not 
centrally positioned but on the lateral edge of the 
tooth (Figure 42). The teeth widen mediolaterally 
beginning with the second acrodont tooth. With the 
widening of the tooth, the V-shaped apical shear 
abrasion pattern progresses to a configuration 
with the apex at the midpoint (Figure 42A). 
The widening also permits the development of 
secondary conules (that appear to be wingsX when 
viewed medially (Figure 42B) so that by the third 
acrodont tooth, the apical pattern has evolved into 
an affectively 'triconodont' tooth (Figures 35, 42). 
All the 'cones' are connected by a shearing ridge. 
With wear, the shearing ridges are reduced, and 
the flared medial conules can be worn to bump-like 
structures situated mesial and distal to the position 
of the central cone of the tooth. 

ONTOGENETIC CHANGES 

Studies of ontogenetic variation in skeletal 
morphology of squamates are relatively few, and 
agamids are among the least-studied group of 
lizards in this regard. It is clear from previous 


work on other squamate groups that ontogenetic 
transformations in the morphology of cranial 
elements are significant and extend beyond 
allometric changes associated with growth (e.g. 
Barahona and Barbadillo 1998; Rodriguez et al. 
2000; Maisano 2001, 2002a, b; Bell et al. 2003; Bever 
et al. 2005; Nance 2007). Our own preliminary 
observations of Australian agamids suggest that 
this is an important area for additional study, but 
adequate collections of skeletal specimens do not 
exist for most taxa. Although we lack specimens of 
Moloch that show early stages of postnatal ontogeny, 
our relatively small sample of specimens does yield 
minimal data on ontogenetic transformations of the 
skull bones. More thorough exposition must await 
a broader sampling of ontogenetic stages in skeletal 
collections. 

In the skull roofing bones, ontogenetic changes in 
the processes and articulation facets indicate that 
Moloch , like other squamates, shows greater overlap 
and increasingly solid articulations between 
elements with age. In the juvenile, the nasal shows a 
distinct maxillary process that contacts the maxilla 
in a loose articulation; in the adult that process 
is no longer distinguishable, and the contacts of 
the maxillary facial process with the nasal and 
prefrontal are tighter. The development on the 
frontal of dorsally placed articulation facets for the 
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prefrontal also exemplifies a stronger construction 
of the preorbital region of the skull in later stages 
of ontogeny. The frontal and parietal bones show 
changes in their laterally directed processes. In 
the frontal, the posterolateral arms are thicker 
and more robust in the adult, and show increased 
development of rugosities along the posterodorsal 
orbital margin. The angle of divergence between the 
post-parietal processes of the parietal increases with 
age, as do the size and extent of the dorsal parietal 
bosses. The frontoparietal fontanelle progressively 
closes with increased age, so that in later stages on 
ontogeny, a relatively small frontoparietal fenestra 
is all that remains. 



Figure 41 Left maxilla of Moloch horridus, WAM 146914. 

A. Medial view, anterior to right. B. Lateral 
view, anterior to left. C. ventral view, anterior 
to right. D. Four most distal maxillary teeth 
in ventral view. Scale bars = 1 mm. 


Although the sphenoid is longer than the 
basioccipital in the juvenile, their relative lengths 
become more equal with age. In our smallest 
specimen a small midline, ventral projection is 
present on the basioccipital immediately anterior 
to the occipital condyle; no other specimens 
show a similar structure; it is not clear if this 
is an individual variant, or an ontogenetic one. 
Increased development of the basal tubera through 
ontogeny is at least partly related to the ossification 
of apophysial elements during ontogeny. During 
ontogeny the supraoccipital develops a low midline 
crest that extends posteriorly from the processus 
ascendens. In smaller specimens, there is a gap 
between the processus ascendens and the post- 
parietal processes, but this gap narrows, yielding 
the appearance of a solid connection between the 
parietal and the dorsal surface of the braincase. The 
endolymphatic duct in the adult clearly exits the 
cavum capsularis through the supraoccipital; in the 
juvenile, it appears to exit at or near the junction of 
the supraoccipital, prootic and otooccipital. 

The mandibular condyles of the quadrate are 
approximately equal in size in the juveniles, but the 
medial one is distinctly larger in the adult. In some 
older individuals, the surangular may fuse with the 
articular-prearticular. 

COMPARISONS 

Unfortunately, the anatomical systems of most 
Australian agamids are not well known, and 
detailed studies of their osteology are lacking. 
Two unpublished studies remain the most 
comprehensive assessments to date; one formed a 
major portion of Scott Moody's PhD dissertation 
(Moody 1980), and the other was produced as an 
undergraduate Honour's thesis by Scott Hocknull 
(2000). Data from those works, and additional 
statements gathered from elsewhere in the 
literature, are combined with our own preliminary 
observations to highlight some specialized features 
of Moloch and to discuss the distribution of these 
among other endemic Australian agamids. 

Unsurprisingly, Moloch has many features that 
are unique among Australian endemic agamids. 
The extremely specialized cusp morphology of the 
dentary teeth is unique among lizards, and the lack 
of caniniform teeth on the mesial portion of the 
tooth row is not seen in other Australian agamids. 
The degree of torsion of the orbital process of the 
maxilla, and the resultant medial inclination of 
the distal teeth towards the midline of the skull is 
unique to Moloch. However, we saw similar torsion 
in an unregistered specimen of Hypsilurns modesta 
(sometimes rendered as Arua modesta) housed at 
the Queensland Museum, but in that species the 
torsion is not as extreme, and the inclination of the 
teeth is therefore less than that seen in Moloch. The 
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weak basal tubera on the basioccipital, extreme 
reduction of the sphenoccipital fenestra, and the 
possible separate exit in some specimens for the 
glossopharyngeal nerve are all features of the 
braincase not found in other endemic Australian 
agamids. The noticeably flattened quadrate process 
of the pterygoid also is unique. 

The lack of contact in Moloch between the 
premaxillary processes of the maxillae was 
previously noted as a specialized condition among 
Australian agamids (Moody 1980; Evans 2008). 
In at least some Ctenophorus (e.g. Ctenophorus 
reticulatus, WAM R167514) the contact, if present, is 
obscured in palatal view by posterior extension of 
the premaxilla. That condition is distinct from that 
seen in Moloch , in which the maxillae do not even 
closely approach one another, but it is important to 
distinguish between actual contact of the elements 
and the appearance of contact in a palatal view 
(which may be obscured). Expression of variation 
in this feature within Ctenophorus needs to be more 
fully explored. Unique features of the mandible 
relative to other Australian endemics include the 
absence of the medial process of the prearticular, 
the loss (or possible fusion) of the splenial, and the 
restriction of the medial process of the coronoid to 
the dorsal portion of the mandible. 

Moloch shows a greater reduction in the 
development of the epipterygoid than any other 
Australian agamids we have seen, although there 
is significant variation. In the morphological 
analysis conducted by Moody (1980), Moloch, 
Diporiphora, Chelosania and Tympanocryptis were 
scored identically for this feature (his character 
26). His character definition suggests that the 
scoring is probably accurate as given, but we note 
a significant degree of variation within taxa in our 
sample, suggesting that expanding the description 
to encompass more states might be appropriate. No 
specimens we have seen of those other taxa show as 
pronounced a reduction as does Moloch. 

In several other features, our observations are not 
completely concordant with those summarized by 
Moody (1980). The differences usually result from 
our observations of the expression of variation 
among specimens; those worth discussing are 
summarized here. His suggestion that the condylar 
morphology of the quadrate in Moloch was unique 
(Moody 1980, character 25) appears to have resulted 
from ontogenetic variation; large specimens of 
Moloch share the general configuration of other 
Australian agamids, in which the medial condylar 
facet is larger than the lateral. Contact between the 
nasal bone and the facial process of the maxilla 
does occur in Moloch (contra Moody 1980, character 
41), but the intent of his scoring is clear and 
relevant. In all other Australian agamids, the two 
elements are in fairly broad contact along the dorsal 


surface of the skull. In Moloch, the contact is weak 
and is restricted to the posteromedial tip of the 
facial process. Moody noted that the contribution 
of the ectopterygoid to the cranial coronoid process 
was small, and that the ectopterygoid failed to reach 
the distal end of the process. In his analysis Moloch 
was the only Australian agamid noted to have this 
condition, but we found a similar condition in some 
Rankinia diemensis (e.g. SAMA R12959). Our single 
specimen of Chelosania (WAM R41565) shows a 
strong dorsal inflection of the retroarticular process 
of the mandible (contra Moody's scoring for his 
character 63); the same is true for at least some 
Diporiphora as well (e.g. Diporiphora bennettii, WAM 
R162905, WAM R162906). We agree that it is also the 
condition in Tympanocryptis, and also for Caimanops 



Figure 42 Dentition of the left dentary of Moloch hor- 
ridus, WAM R146914. A. Apical (dorsal) view 
of three distalmost teeth, anterior to right. B. 
Slightly oblique dorsomedial view of four 
distalmost teeth, anterior to right. C. Lateral 
view of four distalmost teeth, anterior to left. 
Scale bars = 1 mm. 
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(a taxon not included in Moody's analysis). We see 
no significant difference between Moloch and other 
endemic Australian agamids in the medial extent of 
the dorsal projection of the pterygoid process of the 
ectopterygoid (contra Moody, character 52). 

Moloch was previously identified as sharing 
several specialized features with Tympanocryptis, 
including loss of digits (in at least some populations 
of Moloch; see Greer 1989), enlarged scales, a short 
tail and completely terrestrial habitus (Greer 
1989; Witten 1993). In the skull, we note that at 
all stages of ontogeny Moloch lacks a significant 
crista prootica. That crest is also reduced in 
Tympanocryptis cephalus (e.g. QM J21659; NT R16768; 
but these specimens may represent T. intima 
instead; see Shoo et al. 2008) and Tympanocryptis 
tetraporophora (QM unregistered, temporary number 
JJ00005). In T. lineata (NT R18746) the crest is better 
developed, but is sufficiently reduced that the facial 
foramen is just visible in lateral view of the prootic. 
In each case, these are relatively small-bodied 
taxa, suggesting that the crest may be more poorly 
developed in some small-bodied agamids. It is 
clear that in larger species the development of the 
crest varies with ontogeny; this is exemplified by a 
series of skulls of Ctenophorus caudicinctus in which 
progressive development of the crest corresponds 
clearly with increasing SVL. The crest is absent 
dorsally and poorly developed along its middle 
and ventral portions in WAM R167679 (32 mm SVL), 
fully formed but without extensive ventrolateral 
projection along its entire length in WAM R167667 
(64 mm SVL), ventrolaterally expanded in WAM 
R167632 (96 mm SVL) and fully formed in WAM 
R167652 (79 mm SVL), where its dorsal portion 
closely approaches the dorsomedial edge of the 
quadrate. 

Moloch shares with at least some Ctenophorus 
species an supratemporal fenestra that is wider 
than it is long, and a hook-like anterior projection 
at the lateral edge of the paroccipital processes (e.g. 
Ctenophorus caudicinctus , WAM R167632; Ctenophorus 
isolepis, WAM R111736, WAM R111894). Loss of the 
ventral process of the squamosal occurs in Moloch, 
and Diporiphora; at least some Ctenophorus and 
Lophognathus have a short, laterally directed process 
that appears to be positionally homologous with 
the ventral projection in other taxa. Horizontal 
orientation of the paroccipital processes (when 
viewed posteriorly) occurs in Moloch, Diporiphora 
and Caimanops; the processes also are horizontally 
oriented in Lophognathus longirostris (e.g. WAM 
R162768), but are angled dorsally in Lophognathus 
gilberti (e.g. WAM R162929). 

CONCLUSIONS 

Our investigation provides some additional 
tentative comparative assessments of patterns of 


osteological features among endemic Australian 
agamids, and specifically of the similarities and 
differences of Moloch to other endemic Australian 
taxa. As with many other reptile groups, our 
understanding of patterns of morphological 
variation among Australian agamids currently 
is insufficiently developed to permit reliable 
hypotheses of relationship based solely on 
morphological data (see discussion by Joyce and 
Bell 2004). The features discussed here help to 
characterize Moloch horridus, and will undoubtedly 
be of use in subsequent morphologically-based 
phylogenetic analyses. Such analyses will contribute 
to a reliable morphological diagnosis of Moloch, 
and will also assist paleontologists in establishing 
reliable identifications of fossil agamids from 
Australia. Our preliminary evaluation suggests 
that many elements of the skull and mandible are 
probably diagnostic of Moloch, even if found in 
isolation in the fossil record; they can certainly 
be distinguished clearly from other Australian 
agamids. These include (minimally) the maxilla, 
parietal, pterygoid, supraoccipital, prootic, 
otooccipital, basioccipital, dentary, coronoid and 
articular-prearticular. 
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APPENDIX 1 

Anatomical Abbreviations 

af Mandible: adductor fossa 

AN Angular 

ANpaf Angular: posterior angular foramen 

AT Articular-Prearticular 

ATanaf Articular-Prearticular: angular 
articulation facet 

ATctf Articular-Prearticular: chorda tympani 
foramen 

ATquaf Articular-Prearticular: quadrate 
articulation facet 

ATrp Articular-Prearticular: retroarticular 
process 

ATsuaf Articular-Prearticular: surangular 
articulation facet 
BO Basioccipital 

BOao Basioccipital: apophysial ossifications on 
basal tubera 

BObt Basioccipital: basal tubera 
BOoc Basioccipital: occipital condyle 
BOotaf Basioccipital: otooccipital articulation 
facet 

BOpraf Basioccipital: prootic articulation facet 
BOsdaf Basioccipital: sphenoid articulation facet 
BOvp Basioccipital: ventral projection 
CO Coronoid 

COamp Coronoid: anteriorly directed medial 
process 

COcp Coronoid: coronoid process 
COlp Coronoid: lateral process 
COpmp Coronoid: posteriorly directed medial 
process 

cp Cranial coronoid process 

D Dentary 

Dcs Dentary: coronoid shelf 

Ddp Dentary: dorsal prominence 

Dmg Dentary: Meckelian groove 

Dnian Dentary: notch for inferior alveolar nerve 

Dsuaf Dentary: surangular articulation facet 

EC Ectopterygoid 

ECamsf Ectopterygoid: anterior margin of 
subtemporal fenestra 

ECdapt Ectopterygoid: dorsal articulation with 
pterygoid 

ECjuaa Ectopterygoid: jugal articulation area 
ECjuaf Ectopterygoid: jugal articulation facet 


ECmxaf Ectopterygoid: maxilla articulation facet 
ECpmsf Ectopterygoid: posterior margin of 
suborbital fenestra 

ECpoaf Ectopterygoid: postorbital articulation 
facet 

ECptp Ectopterygoid: pterygoid process 
ECvapt Ectopterygoid: ventral articulation with 
pterygoid 

EP Epipterygoid 

fo Fenestra ovalis 

FR Frontal 

FRcc Frontal: crista cranii 

FRfpf Frontal: frontoparietal fenestra 

FRpaaf Frontal: parietal articulation facets 

FRpfaf Frontal: prefrontal articulation facet 

iptv Interpterygoid vacuity 

JU Jugal 

JUecaf Jugal: ectopterygoid articulation facet 

JUmxaf Jugal: maxillary articulation facet 

JUmxp Jugal: maxillary process 

JUpoaf Jugal: postorbital articulation facet 

JUpom Jugal: posterior orbital margin 

JUpop Jugal: postorbital process 

JUsqaf Jugal: squamosal articulation facet 

JUV2 Jugal: maxillary nerve foramen 

If Lacrimal fenestra 

MX Maxilla 

MXfp Maxilla: facial process 

MXjaf Maxilla: jugal articulation facet 

MXms Maxilla: maxillary shelf 

MAop Maxilla: orbital process 

MXpaf Maxilla: palatine articulation facet 

MXpmp Maxilla: premaxillary process 

MXsac Maxilla: superior alveolar canal 

NA Nasal 

NAmxaa Nasal: maxilla articulation area 
NAmxp Nasal: maxillary process 
NApfaa Nasal: prefrontal articulation facet 
NApmaf Nasal: premaxilla articulation facet 
NApmp Nasal: premaxillary process 
OT Otooccipital 

OTar Otooccipital: ampullary recess for 

posterior semicircular canal 
OTboaf Otooccipital: basioccipital articulation 
facet 

OTci Otooccipital: crista interfenestralis 

OTcr Otooccipital: cochlear recess (lagenar 

recess) 

OTct Otooccipital: crista tuberalis 

OTfmlm Otooccipital: foramen magnum (lateral 
margin) 

OTfopm Otooccipital: fenestra ovalis, posterior 
margin 

OThsc Otooccipital: horizontal semicircular 
canal 

OTlarst Otooccipital: recessus scalae tympani, 
lateral aperture 

OTmarst Otooccipital: recessus scalae tympani, 
medial aperture 



236 



C.J. Bell, J.I. Mead, S.L. Swift 

OTocl 

Otooccipital: occipital condyle, lateral 

POsqaa 

Postorbital: squamosal articulation area 


portion 

POsqp 

Postorbital: squamosal process 

OTpf 

Otooccipital: perilymphatic foramen 

POstfm 

Postorbital: supratemporal fenestra 

OTpp 

Otooccipital: paroccipital process 


margin 

OTprdaf 

Otooccipital: prootic dorsal articulation 

PR 

Prootic 


facet 

PRaip 

Prootic: anterior inferior process 

OTprvaf 

Otooccipital: prootic ventral articulation 

PRampvf Prootic: anterior margin of the posterior 


facet 


vestibulocochlear fenestra 

OTpsc 

Otooccipital: posterior semicircular canal 

PRap 

Prootic: alar process 

OTsoaf 

Otooccipital: supraoccipital articulation 

PRar 

Prootic: ampullary recess 


facet 

PRasc 

Prootic: anterior semicircular canal 

PA 

Parietal 

PRboaf 

Prootic: basioccipital articulation facet 

PAama 

Parietal: adductor muscles attachment 

PRcr 

Prootic: cochlear recess (= lagenar recess) 


surface 

PRfoam 

Prootic: fenestra ovalis, anterior margin 

PAfp 

Parietal: fossa parietalis 

PRhsc 

Prootic: horizontal semicircular canal 

PAfpf 

Parietal: frontoparietal fenestra 

PRip 

Prootic: incisura prootica 

PApb 

Parietal: parietal boss 

PRotaf 

Prootic: otooccipital articulation facet 

PApoaf 

Parietal: postorbital articulation facet 

PRpd 

Prootic: groove for passage of the 

PApp 

Parietal: post-parietal process 


perilymphatic duct 

PApt 

Parietal: parietal tab 

PRsdaf 

Prootic: sphenoid articulation facet 

PAstaf 

Parietal: supratemporal articulation facet 

PRsf 

Prootic: sphenoccipital fenestra 

PF 

Prefrontal 

PRsoaf 

Prootic: supraoccipital articulation facet 

PFaamp 

Prefrontal: articulation area for maxillary 

PRstgp 

Prootic: supratrigeminal process 


process of palatine 

psfef 

Posterior secondary foramen 

PFaavp 

Prefrontal: articulation area for vomerine 


(communicates with endolymphatic 


process of palatine 


foramen) 

PFb 

Prefrontal: boss 

FT 

Pterygoid 

PFlfp 

Prefrontal: lateral frontal process 

PTbf 

Pterygoid: basipterygoid fossa 

PFmmlf 

Prefrontal: medial margin of lacrimal 

PTecp 

Pterygoid: ectopterygoid process 


fenestra 

PTf 

Pterygoid: foramen on palatine process 

PFmxaf 

Prefrontal: maxillary articulation facet 

PTfc 

Pterygoid: fossa columellae 

PFplp 

Prefrontal: palatine process 

PTplaf 

Pterygoid: palatine articulation facet 

pian 

Pseudoforamen for the inferior alveolar 

PTplp 

Pterygoid: palatine process 


nerve (mandible) 

PTqup 

Pterygoid: quadrate process 

PL 

Palatine 

PTsdp 

Pterygoid: sphenoid process 

PLicg 

Palatine: internal choanal groove 

QU 

Quadrate 

PLmaf 

Palatine: maxilla articulation facet 

QUcc 

Quadrate: cephalic condyle 

PLmifa 

Palatine: anterior bony margin of 

QUmlc 

Quadrate: mandibular lateral condyle 


infraorbital fenestra 

QUmmc 

Quadrate: mandibular medial condyle 

PLmifp 

Palatine: posterior margin of infraorbital 

QUpc 

Quadrate: posterior crest 


fenestra 

QUsqaf 

Quadrate: squamosal articulation facet 

PLmlf 

Palatine: margin of lacrimal fenestra 

QUtc 

Quadrate: tympanic conch 

PLmp 

Palatine: maxillary process 

QUtycr 

Quadrate: tympanic crest 

PLmsf 

Palatine: margin of suborbital fenestra 

S 

Stapes 

PLpfa 

Palatine: prefrontal articulation area 

Sf 

Stapes: footplate 

PLptaf 

Palatine: pterygoid articulation facet 

SD 

Sphenoid 

PLptp 

Palatine: pterygoid process 

SDap 

Sphenoid: alar process (articulation with 

PLvp 

Palatine: vomerine process 


prootic) 

PM 

Premaxilla 

SDboaf 

Sphenoid: basioccipital articulation 

PO 

Postorbital 


facet(s) 

POecaf 

Postorbital: ectopterygoid articulation 

SDbp 

Sphenoid: basipterygoid process 


facet 

SDcc 

Sphenoid: carotid canal 

POfraf 

Postorbital: frontal articulation facet 

SDct 

Sphenoid: crista trabecularis 

POfpp 

Postorbital: frontoparietal process 

SDds 

Sphenoid: dorsum sellae 

POjuaa 

Postorbital: jugal articulation area 

SDpf 

Sphenoid: pituitary fossa 

POjuaf 

Postorbital: jugal articulation facet 

SDpraf 

Sphenoid: prootic articulation facet 

POjup 

Postorbital: jugal process 

SDpw 

Sphenoid: parasphenoid wings 

POpaaf 

Postorbital: parietal articulation facet 

SDtc 

Sphenoid: bases of trabeculae cranii 

POpom 

Postorbital: posterior orbital margin 

SDvca 

Sphenoid: vidian canal; anterior opening 
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SDvcp Sphenoid: vidian canal; posterior opening 
SO Supraoccipital 

SOasc Supraoccipital: anterior semicircular canal 
SOotaf Supraoccipital: otooccipital articulation 
facet 

SOocc Supraoccipital: osseous common crus 
SOpa Supraoccipital: processus ascendens 
SOpraf Supraoccipital: prootic articulation facet 
SOpsc Supraoccipital: posterior semicircular 
canal 

SOsf Supraoccipital: sphenoccipital fenestra 
sphf Sphenoccipital fenestra (otooccipital, 
prootic, supraoccipital) 

SQ Squamosal 
SQjuaf Squamosal: jugal articular facet 
SQpaaf Squamosal: parietal articular facet 
SQpoaf Squamosal: postorbital articular facet 
ST Supratemporal 

SU Surangular 

SUasf Surangular: anterior surangular foramen 
SUataf Surangular: articular articulation facet 
SUcoaf Surangular: coronoid articulation facet 
SUdaf Surangular: dentary articulation facet 
SUpc Surangular: posterior canal 
SUpp Surangular: prearticular process 
tc Trabecula communis 

VI Sphenoid: abducens canal (cranial nerve 
VI) 

VII Prootic: facial nerve foramen (cranial 
nerve VII) 

VIII Prootic: vestibulochochlear nerve 
foramina (cranial nerve VIII) 

VO Vomer 

X Otooccipital: vagus nerve foramen (cranial 

nerve X; also probably XI) 

XII Otooccipital: hypoglossal nerve foramen 
(cranial nerve XII) 

APPENDIX 2 

Specimens examined 

Amphibolurus norrisi : WAM R98121 
Caimanops amphiboluroides: WAM R14464 
Chelosania brunnea : NT R9924 
Chlamydosaurus kingii: QM J3718; QM J21929; QM 
J45307; QM J47642 
Ctenophorus butleri: WAM R165705 
Ctenophorus caudicinctus : QM J21654; WAM R47832; 
WAM R93130; WAM R111747; WAM R162819; 
WAM R162820; WAM R162888; WAM R167625; 
WAM R167626; WAM R167632; WAM R167652; 
WAM R167665; WAM R167667; WAM R167670; 
WAM R167673; WAM R167676; WAM R167679 
Ctenophorus chapmani: SAMA R4819 
Ctenophorus clayi: SAMA R13756A; WAM R156957 
Ctenophorus cristatus: NT R1096; SAMA R3029B 
Ctenophorus decresii : NT R9596 
Ctenophorus femoralis: WAM R162889; WAM R162891 


Ctenophorus fionni: NT R8263 
Ctenophorus isolepis : WAM R111736 
Ctenophorus isolepis gularis : WAM R111894 
Ctenophorus isolepips isolepis: WAM R111903; WAM 
R111904 

Ctenophorus maculatus maculatus: WAM R164148 
Ctenophorus maculosus: SAMA R63137 
Ctenophorus nuchalis : NT R18819; QM J705; WAM 
R28140; WAM R47837; WAM R111752; WAM 
R111880; WAM R111893; WAM R111905; WAM 
R121964; WAM R162805; WAM R162817; WAM 
R162899 

Ctenophorus ornatus: WAM R30073 
Ctenophorus pictus: QM J48074 
Ctenophorus reticulatus: WAM R47834; WAM R93129; 
WAM R156678; WAM R162742; WAM R162760; 
WAM R162856; WAM R162878; WAM R167503; 
WAM R167514; WAM R167575; WAM R 167591 
Ctenophorus rubens: WAM R162900 
Ctenophorus scutulatus : WAM R26646; WAM R47838; 
WAM R82657 

Diporiphora australis: QM J29907 
Diporiphora bennettii: NT R9490; WAM R162905; 
WAM R162906 

Diporiphora bilineata: QM J46361 
Diporiphora lalliae: NT R1514 
Diporiphora magna: NT R1516 
Gonocephalus grandis: WAM R49516 
Hypsilurus boydii: QM unregistered 
Hypsilururus modesta: QM unregistered 
Hipsilurus spinipes: QM J8330; QM J45306 
Hydrosaurus pustulatus: UMMZ 188058 
Lophognathus gilberti: NT R 151; WAM R47839; WAM 
R162926; WAM R162927; WAM R162928 
Lophognathus longirostris: NT R1294; WAM R162769; 

WAM R162818; WAM R162935 
Lophognathus temporalis: NT R6184; QM J46374 
Moloch horridus: QM J11492; ROM R50; TMM-M721; 
WAM R2; WAM R27737A; WAM R27737B; WAM 
R38691; WAM R97222; WAM R146914 
Physignathus lesueurii: QM J38108 
Pogona barbata: QM J4141; QM J45852; QM J57296 
Pogona minor: WAM R111733; WAM R162801 
Pogona minor minima: WAM R156920 
Pogona mitchelli: NT R1275 
Pogona vitticeps: QM J37168 

Rankinia diemensis: SAMA R12959; SAMA R35551; 
WAM R9830 

Tympanocryptis cephalus: NT R16768; QM J 21659 
(these specimens may represent T. intima; see 
Shoo et al. 2008) 

Tympanocryptis houstoni: SAMA R15002; SAMA 
R17736B 

Tympanocryptis lineata: NT R18746; SAMA R02429D 
Tympanocryptis pinguicolla: SAMA R43097; SAMA 
R43345 

Tympanocryptis tetraporophora: QM J34580; QM 
temporary # JJ00005; SAMA R9931B; SAMA 
R28998 
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Abstract - A new calanticid species from the tropical waters of Western 
Australian waters, epizoic on a gorgonian, is described. The presence of 
13 capitular plates with apical umbones, arranged in two whorls, narrow 
peduncular scales and uniarticulate caudal appendages, as well as the 
attachment site of the complemental males, warrant this species for inclusion 
within Calantica. Key characters which distinguish the present species from 
other members of Calantica include the form of the scutum and upper latus, 
and the elongate rostrolatus and carinolatus, which displace the upper latus 
from the peduncular margin. Therefore, a new species is proposed and is 
accordingly named Calantica darwini sp. nov. 


Key words: stalked barnacle, gorgonian, epibiont. Port Hedland, Rowley 
Shoals. 


INTRODUCTION 

The genus Calantica was first proposed by 
Gray (1825), but was later synonymised under 
Scalpellum Leach, 1817 by Darwin (1852). Pilsbry 
(1907) reinstated Calantica as a subgenus of 
Scalpellum, elevating it to full generic status the 
following year (Pilsbry 1908) to encompass six 
species. Subsequently, Zevina (1978) raised the 
predominantly Atlantic subgenus Scillaelepas to 
generic rank, leaving predominantly Indo-West 
Pacific species with Calantica. Currently comprising 
16 species (Young 2003), it has been 20 years since 
the last species, C. moskalevi Zevina and Galkin, 
1989 was assigned to Calantica. The present paper 
describes a new calanticid species from tropical 
north Western Australian waters, south of the 
Rowley Shoals. 

MATERIALS AND METHODS 

Specimens were examined with the aid of 
microscopy and dissection, and illustrations of the 
whole animal were made with the aid of a camera 
lucida and digitally inked using a WACOM Intuos 
2 tablet and Adobe Illustrator. Soft parts were 
cleared, stained with lignin pink and mounted. All 
measurements are in millimetres. The terminology 
follows that of Jones (1990, 1992, 1993), Newman 
(1987, 1991, 1996) and Young (1999). The holotype 
and four lots of paratypes are deposited in the 
Western Australian Museum, Perth and one lot of 


paratypes is also deposited in The Natural History 
Museum, London. 

The following abbreviations are used: CL, 
capitular length; CW, capitular width; PL 
peduncular length; WAM, Western Australian 
Museum, Perth; NHM, Natural History Museum, 
London. 

SYSTEMATICS 

Infraclass Cirripedia Burmeister, 1834 
Superorder Thoracica Darwin, 1854 

Order Scalpelliformes Buckeridge and Newman, 
2006 

Suborder Scalpellomorpha Newman, 1987 
Family Calanticidae Zevina, 1978 
Diagnosis 

Scalpelliformes with capitulum protected by 
six primary calcareous plates or their rudiments, 
namely rostrum, carina, paired scuta and terga. 
Secondary plates consist of of three pairs of latera, 
including rostrolatus, upper latus and carinolatus 
and (except for Pisiscalpellum ) subcarina, plus 
various other supplementary capitular plates, 
to a total of 60+ plates, with as few as nine in 
reduced forms; umbo of carina apical, sometimes 
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subcentral; plates arranged in two more or less 
distinct whorls, those in lower whorl either 
overlapping, or being overlapped by adjacent 
plates. Peduncle usually with more or less uniform¬ 
sized calcareous scales. Caudal appendages 
setose, sometimes multi-articulate. Basic mandible 
with three primary teeth, lower angle pectinate, 
sometimes smaller secondary teeth form between 
first and second teeth. Maxillule lacking step-like 
cutting edge. Small males often associated with 
larger hermaphrodites or females; males clearly 
divided into peduncle and capitulum, with six or 
more small capitular plates. 

Remarks 

The family Scalpellidae was divided into eight 
subfamilies by Zevina (1978), based on the number 
of capitular plates and their degree of development, 
the position of the umbos, the number of segments 
in the caudal appendages and the degree of 
development of the males. The Calanticinae 
embraced five genera, namely Calantica Gray, 1825; 
Euscalpellum Hoek, 1907; Paracalantica Utinomi, 
1949; Scillaelepas Seguenza, 1876; and Smilium Gray, 
1825. Zevina included Pollicipes Leach, 1817 in the 
Pollicipinae and Pisiscalpellum Utinomi, 1958 in the 
Scalpellopsinae. 

Buckeridge (1983), in a revision of New Zealand 
and Australian fossil barnacles based on capitular 
plate architecture, placed Calantica and Smilium, 
together with Pollicipes, Pisiscalpellum, Capitulum 
Oken, 1815 and the fossil genera Zeugmatolepas 
Withers, 1913 and Titanolepas Withers, 1913 in 
the Calanticinae. Buckeridge also recognised 
Scillaelepas as a subgenus of Calantica but placed 
Euscalpellum in the Scalpellinae. 

The subfamily Calanticinae was subsequently 
raised to full familial status by Newman (1987,1991, 
1996), embracing nine extant genera ( Aurivillialepas 
Newman, 1980; Calantica Gray, 1825 [includes 
Protomitella Broch, 1922, cf. Foster 1978: 39]; 
Euscalpellum Hoek, 1907; Gruvelialepas Newman, 
1980; Newmanilepas Zevina and Yakhontov, 1987; 
Paracalantica Utinomi, 1949; Pisiscalpellum Utinomi, 
1958; Scillaelepas Seguenza, 1876; and Smilium Gray, 
1825) and five fossil genera ( Cretiscalpellum Withers, 
1922; Titanolepas Withers, 1913; Pachyscalpellum 
Buckeridge, 1991: 56; Virgiscalpellum Withers, 1935; 
and Zeascalpellum Buckeridge, 1983). Jones (1998) 
described a new calanticid genus, Crosnieriella. 

Calantica Gray, 1825 
Calantica Gray, 1825: 101. 

Diagnosis 

Scalpellids in which hermaphrodites develop, 
in addition to 6 primary plates, a subcarina. 


sometimes a subrostrum, and a number of paired 
latera. Plates generally triangular, umbos apical. 
Upper latus without a distinct carinal margin. 
Filamentary processes absent. Caudal appendages 
uniarticulate, setose. Complemental males may 
be attached to integument between scuta, below 
adductor muscle. 

Type species 

Calantica homii Gray, 1825 [junior synonym of 
Calantica villosa (Leach, 1824)], by monotypy. 

Remarks 

Calantica has a basic plan of 13 capitular plates, 
with a total of 60+ to as few as 11 plates (both 
extremes occur in C. spinosa (Quoy and Gaimard, 
1834). Smilium also has a basic plan of 13 capitular 
plates, with a total of up to 15 (S. horridum Pilsbry, 
1912) and as few as nine plates (S. hypocrites 
(Barnard, 1924), but the upper latus has a distinct 
carinal margin. Crosnieriella has a basic plan of 19 
capitular plates (C. acanthosubcarinae Jones, 1998). 
Crosnieriella shares some characters with Calantica, 
but is most similar to Smilium. However, the 
apomorphic replication of the plates at the carinal 
end of the capitulum distinguishes Crosnieriella. 

Calantica darwini sp. nov. 

Figures 1-2 

Material examined 

Holotype 

Australia: Western Australia: hermaphrodite, 
Soela station S04B/82/71, 18°30.1'S 118°36.2 , E to 
18°31.6'S, 118°37 , E, 196 km N. of Port Hedland, 
136-146 m, 19 August 1982, J. Marshall, attached to 
gorgonian coral (WAM C42382). 

Paratypes 

Australia: Western Australia: 1 hermaphrodite, 
ovigerous, collected with holotype (WAM 
C42383); 1 hermaphrodite with 1 complemental 
male, collected with holotype (WAM C42384); 
1 hermaphrodite, abnormal capitulum, with 1 
complemental male, collected with holotype (WAM 
C42385); 5 hermaphrodites, collected with holotype 
(WAM C33688); 4 hermaphrodites, collected with 
holotype (NHM 2009.312 - 315). 

Etymology 

The species is named in honour of Charles 
Darwin for his impact on and contribution to 
cirripediology specifically and biological sciences 
as a whole. 

Diagnosis 

Capitulum of 13 calcareous plates. Lower plates 


New calanticid from Western Australia 


241 



Figure 1 Calantica darwini sp. nov.: A-B, holotype (C42382); C, E, F, paratypes (C42385); D, paratype (C42384): A, lateral 
view; B, rostral view; C, rostral view from above; D, tergum; E, carinal view; F, complemental male. Scale 
bars: A-E = 0.5 mm; F = 0.1 mm 
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Figure 2 Calantica darwini sp. nov. holotype (C42382): A-C, cirrus I—III respectively; D, terminal segment of cirrus I; 

E, medial segment of cirrus VI; F, pedicel of cirrus VI; G, left maxillule; H, I, left and right mandibles. Minor 
setation omitted from mouthparts. Scale bars: A-C = 0.1 mm; D, E, G-I = 0.025 mm; F = 0.05 mm. 
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slightly overlapping upper plates. Apex of scutum 
curving away from tergum. Upper latus with 
slight articular furrow, excluded from peduncular 
margin by rostrolatus and carinolatus. Rostrolatus 
rectangular, elongate, 5 times wider than high, 
occupying 0.55-0.70 capitular width, projecting 
laterally from capitulum, forming small shelf. 
Carinolatus rectangular, 4 times wider than high, 
occupying approximately 0.5 capitular width. 
Subcarina recurved distally. Peduncular scales 
peg-like, protruding from cuticle in dense rows. 
Mandible with 3-4 teeth, lower angle pectinate. 
Maxillule with protuberant superior and inferior 
angles. 

Description 

Hermaphrodite capitulum subtriangular, 
basic plan of 13 approximate plates. Plates thin, 
translucent, indistinctly sculptured. Umbones of 
all plates apical. Apices of lower whorl plates just 
covering bases of those of upper whorl. Cuticle 
smooth. 

Scutum triangular, shorter than carina, apex 
curving outwards from tergum; basal margin 
convex, tergal and scutal margins equal length, 
1.5 length of basal margin; internally adductor 
muscle scar prominent. Tergum highest capitular 
plate, elongated diamond shape; occludent margin 
straight, carinal margin evenly convex, scutal 
margin straight except for small triangular 
indentation in upper third; weak apico-basal ridge 
present. Carina transversely bowed, regularly 
arched for 2/3 length, curve more pronounced 
in apical third; apex bent towards tergum; 
internally concave; basal portion rounded. Rostrum 
smallest capitular plate, triangular, inserted 
above rostrolatera, projecting out from capitulum; 
upper surface with low medial ridge. Upper latus 
triangular, basal margin longest, slightly sinuous; 
apex curving towards carina, not projecting 
from capitulum; articular furrow arising from 
articulation with carinolatus; displaced from basal 
whorl by rostrolatus and carinolatus. Rostrolatus 
subrectangular, much wider than high, projecting 
from capitulum to form small shelf, occupying 
0.55-0.70 capitular width; apex curving under 
rostrum, meeting that of opposite rostrolatus. 
Carinolatus subtriangular much wider than high, 
occupying approximately 0.5 capitular width. 
Subcarina triangular, apex recurved, just overlying 
basal portion of carina and apices of carinolatera. 

Peduncle short, 0.3 capitular length, with elongate 
peg like calcareous scales sometimes projecting 
from cuticle. 

Labrum strongly bullate, covered with fine setae, 
denticulate teeth absent. Mandibular palp short, 
narrow, bearing serrulate setae. Mandible with 
three primary teeth; smaller, secondary tooth 


forming just above second primary tooth, upper 
surface of third tooth serrated; inferior angle 
strongly denticulate. Maxillule with superior angle 
projecting, bearing three large seta, remaining 
setae arranged in pairs, slightly shorter, less robust; 
inferior angle projecting, bearing dense comb of 
short, robust setae. Maxilla subtriangular, buccal 
margin concave; setae serrulate, setae on external 
margin up to twice length of those on buccal 
margin. 

Chaetotaxy ctenopod. Cirral formula as follows 
( + denotes broken rami): 




I 

II 

Holotype 

L 

8,8 

12,11 


R 

8,8 

11,11 

Paratype 

L 

11,8 

12,11 

(C42383) 

R 

10,10 

14,13 


II IV V VI c.a. 

12.12 8 + ,14 13,14 12,13 1 

12,11 + 12,12 13,12 13,13 1 

9 + ,9 + 13,15 11,12 12,8 + 1 

11.12 8 + ,13 13,12 13,11 1 


Gap between cirri I and II absent. Cirrus I 
with rami subequal in length; basal segments 
approximately square, densely setose on internal 
side; distal segments elongate, 3 times higher 
than wide, setae preset only near distal margin; 
terminal segment with distal tuft of short setae, 
plus 1-2 setae more than 2 x length of segment; 
setae simple and serrulate. Cirrus II with basal 
segments roughly square, setation similar to that 
of cirrus I; distal segments becoming elongate, 4 
pairs of simple setae on anterior faces. Cirri III-VI 
similar, segments elongate, 3 times higher than 
wide, bearing 4-5 pairs of serrulata and simple 
setae on anterior faces, small setae between pairs; 
tuft of short setae at posterodistal angles, maximum 
length not much more than length of subsequent 
segment; proximal segment of anterior ramus 
bearing 1-2 well-spaced, long setae on posterior 
margin. Caudal appendages uniarticulate, leaf-like, 
with numerous apical setae, height less than height 
of proximal segment of pedicel. Penis less than half 
length of cirrus VI, clothed in setae. 

Complemental males attached to cuticle of 
occludent margin of scutum. Capitulum with 6 
plates: rostrum, paired scuta and terga and carina. 
Scutum trapezoidal, approximately same size as 
tergum. Tergum subtriangular, scutal margin 
concave in apical third. Rostrum diamond shape, 
almost twice size of scutum. Carina triangular, 
higher than wide. 


Dimensions 




CL 

CW 

PL 

Holotype 

C42382 

2.97 

2.34 

1.18 

Paratypes 

C42383 

3.30 

2.79 

1.47 


C42384 

2.86 

2.57 

0.81 


C42385 

3.07 

2.49 

0.95 
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Distribution 

This species is presently known only from the 
tropical waters of northwestern Western Australia, 
where it has been found to be epizoic on gorgonian 
coral. 

Discussion 

The current species is referable to the genus 
Calantica owing to the basic arrangement of 13 
capitular plates in two more or less consecutive 
whorls and the peg-like peduncular scales. The 
upper latus is occluded from the peduncle by 
the carinolatus and rostrolatus as is the case in 
Smilium and Euscalpellum. However, these latter 
genera possess a distinctly trapezoidal upper 
latus with a distinct carinal margin, as opposed 
to the triangular upper latus in the present 
specimens (Zevina 1981; Foster 1979). In Scillaelepas, 
Gruvelialepas and Aurivillialepas, the lower whorl 
of capitular plates markedly overlap each other 
and those of the first whorl (Newman 1980). This 
has resulted in the formation of articular furrows 
and ridges. In the new species described herein, 
the second whorl of plates barely overlaps those 
of the first whorl and only the upper latus has an 
articular furrow, although this is weakly developed. 
In Calantica, the males attach internally to the 
occludent margin of the scutum, not externally to 
the rostrum or peduncle as in the latter genera. 
The genus Crosnieriella, whose capitulum has a 
basic plan of 19 plates, has a pair of filamentary 
appendages present on the prosoma, a character not 
seen in any other calanticid genus (Jones 1998). 

The normal arrangement of plates in C. darwini is 
six primary plates plus three pairs of latera and a 
subcarina, giving a total of 13 plates. Calanticids are 
known to have a variable number of capitular plates 
within species, e.g. Calantica spinosa (Quoy and 
Gaimard, 1834) and Crosnieriella acanthosubcarinae 
Jones, 1998. In the material described herein, a few 
individuals of C. darwini show a reduction in the 
number of capitular plates. The pattern of reduction 
appears to be asymmetric and affects only the 
paired latera. One specimen lacked all three latera 
on the right side (WAM C42385), while another 
(WAM C33688) lacked the right carinolatera. None 
of the specimens examined developed more than 
13 plates. 

The small size, elongated rostrolatera and 
carinolatera, and the bent carinal apex easily 
separate the new species from the majority of the 
species of Calantica. Calantica darwini is most closely 
related to Calantica pusilla Utinomi, 1970. Both are 
small species, epizoic on gorgonians. However, 
C. darwini is readily distinguished by the small 
shelf formed by the elongated rostrolatera and 
carinolatera that excludes the upper latus from 
the peduncular margin. In C. pusilla, the rostrum 


is relatively smaller and inserted between the 
rostrolatera, as opposed to above in C. darwini The 
carina is evenly arched in C. pusilla, without the 
pronounced apical curve exhibited in C. darwini 
The apex of the scutum of C. pusilla is erect or 
recurved towards the tergum, rather than recurved 
away from the tergum as in C. darwini. Utinomi 
(1970) described the mouthparts of C. pusilla as 
being "typical of the genera" and thus a comparison 
cannot be drawn with those of C. darwini. 

Of the present material, one of the paratypes 
(C42383) was found to be ovigerous even though 
there was no complemental male present, 
suggesting that the eggs were fertilised by a nearby 
neighbour or possibly through self-fertilisation. 
The eggs are relatively large compared to the adult 
(~0.4 mm) and only about 15 were present. The 
length of calanticid penises, whilst variable, is 
normally shorter than cirrus VI and there is some 
uncertainty over its functionality (Jones 1998). 
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A new species of the copepod genus Australoeucyclops (Crustacea: 
Cyclopoida: Eucyclopinae) from Western Australia shows the role 
of aridity in habitat shift and colonisation of ground water 
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Abstract - A new species of the cyclopoid genus Australoeucyclops Karanovic, 
2006 is described from several disjunct locations in south-western Western 
Australia. This is the sixth representative of this genus, which is endemic 
to Australia, New Zealand and Indonesia. Australoeucyclops darwini sp. nov. 
differs from all its congeners by its subequal apical spines on the fourth leg 
endopod and can also be distinguished from each species by a number of 
other characters. A key for identification of Australoeucyclops species is given, 
as well as an overview of the valid genera in the subfamily Eucyclopinae 
Kiefer, 1927. The habitat choice of the new species is very interesting, because 
it can be found only in caves in the northern part of its range, while it lives 
exclusively in surface waters in the south. The potential role of aridity in this 
habitat shift in Australia is discussed. 


INTRODUCTION 

The eucyclopinid copepod genus Australo¬ 
eucyclops Karanovic, 2006 currently contains five 
taxa: A. eucyclopoides (Kiefer, 1929) from Indonesia; 
A. linderi (Lindberg, 1948) from South Australia; 
A. timmsi (Kiefer, 1969) from New South Wales, 
Australia; A. waiariki (Lewis, 1974) from New 
Zealand; and A. karaytugi Karanovic, 2006 from 
Western Australia (see Karanovic 2006). However, 
Karanovic (2006) mentioned that another as yet 
undescribed member of this genus existed in 
the Margaret River region of Western Australia. 
Indeed, Tang and Knott (2009) recently found this 
undescribed species in the Gnangara Mound region 
(more than 250 km north of Margaret River) and 
about 200 km further north near Eneabba, Western 
Australia. They stated that "comparisons between 
our specimens and a set of detailed illustrations 
kindly provided by Dr. Tomislav Karanovic 
(University of Tasmania) of the undescribed 
Australoeucyclops species from a dam and springs 
in the Margaret River area (see Eberhard 2004) 
revealed that these disjunct copepod populations 
contain individuals of the same species". As such, 
they deliberately refrained from describing this 
species and using Karanovic's proposed binomen 
for reasons related to rules of the International 
Code of Zoological Nomenclature (International 
Commission on Zoological Nomenclature 1999). 
Tang and Knott (2009) also discovered that the 


cyclopoid copepod specimens identified previously 
as Eucyclops linderi Lindberg, 1948 by Jasinska 
and Knott (2000) from Cabaret Cave in Yanchep 
National Park were also conspecific with this 
undescribed Australoeucyclops species. We describe 
this new species herein after examination of all 
these disjunct populations from Margaret River, 
Gnangara Mound and Eneabba, but we expect 
that further investigations of both surface and 
subterranean environments in this part of Western 
Australia will slowly fill the gaps in its known 
distribution. An almost complete absence of any 
morphological variability between these disjunct 
populations supports this hypothesis. 

Intriguingly, the new copepod species is present 
only in surface water habitats in the southernmost 
part of its habitat, because it is absent from caves 
in the Margaret River region (see Eberhard 2004). 
In the Gnangara Mound region the new taxon was 
found in multiple caves and one spring, whilst near 
Eneabba it was found in a single cave (Tang and 
Knott 2009). Only a limited number of surface water 
habitats were surveyed, however, in the former area 
and surface water habitats near the latter has not 
yet been sampled. Notwithstanding, we explore 
how aridity may have influenced the potential 
habitat shift of this interesting cyclopoid copepod. 

In the second part of this paper we examine 
the position of the genus Australoeucyclops in 
the subfamily Eucyclopinae. An overview of 
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the valid genera in this subfamily showed an 
isolated position of the closely related genera 
Macrocyclops Claus, 1893 and Homocyclops Forbes, 
1897, which was already suspected by Karanovic 
(2006). However, we refrained from formally 
erecting a new subfamily in the absence of a more 
comprehensive phylogenetic analysis. 

MATERIAL AND METHODS 

From the Margaret River region, specimens 
were obtained from two springs and one dam 
using a simple 500 pm plankton net. Samples 
were sorted live under a dissecting microscope, 
and copepods were picked out and fixed in 70% 
ethanol. They were all collected by Dr Stefan M. 
Eberhard (Subterranean Ecology environmental 
consultancy) as part of his PhD project. In the 
Gnangara Mound region, copepods were obtained 
from 10 caves within Yanchep National Park, one 
cave (Lot 51 Cave) located about 0.5 km beyond the 
southeastern boundary of Yanchep National Park 
and one spring in Bullsbrook. Of the 11 Yanchep 
cave sites, eight contained eucalypt root mats. 
Samples were obtained from the 12 Gnangara 
Mound sites as follows: a) in each cave containing 
eucalypt root mats by sweeping a 70 pm mesh net 
across submerged root mats; b) in each cave lacking 
eucalypt root mats by sweeping a 500 pm mesh 
sieve along the sediment surface of epiphreatic 
pools; and c) at the spring by sweeping a 500 pm 
mesh sieve along the sediment surface close to 
the discharge point. Each sample was placed in 
a plastic bag, covered with water from the site, 
labelled, sealed tightly and transported alive under 
cool, dark conditions to the laboratory. Copepods 
were sorted from debris under a dissecting 
microscope and preserved in 70-100% ethanol. 

Selected specimens were each dissected, mounted 
on microscope slides in Faure's medium (see 
Stock and von Vaupel Klein 1996) and covered 
with a coverslip. For the urosome or the entire 
animal, two human hairs were mounted between 
the slide and coverslip so the parts would not 
be compressed. By manipulating the coverslip 
carefully by hand, the whole animal or a particular 
appendage could be positioned in different aspects, 
making possible the observation of morphological 
details. During the examination water slowly 
evaporated and appendages eventually remained 
in completely dry Faure's medium, ready for long 
term storage. All drawings were prepared using a 
drawing tube attached to a Leica-DMLS brightfield 
compound microscope, with C-PLAN achromatic 
objectives. Specimens that were not drawn were 
examined in a mixture of equal parts of distilled 
water and glycerol and, after examination, were 
again preserved in 70% ethanol. Some intact and 
dissected specimens were also soaked in lactic 


acid on wooden slides (sensu Humes and Gooding 
1964) prior to examination using an Olympus BX51 
compound microscope equipped with differential 
interference contrast. Morphological terminology 
follows Huys and Boxshall (1991), except for small 
differences in the spelling of some appendages 
(antennula, mandibula and maxillula instead of 
antennule, mandible and maxillule) to standardise 
the terminology for homologue appendages in 
different crustacean groups. Biospeleological 
terminology follows Humphreys (2000). The type 
material and some additional specimens are 
deposited in the Western Australian Museum 
(WAM) in Perth. Other material is deposited in the 
Australian Museum (AM) in Sydney, Tasmanian 
Museum and Art Gallery (TMAG) in Hobart, and 
Zoology Department of the University of Western 
Australia (UWA) in Perth. 

SYSTEMATICS 

Order Cyclopoida Rafinesque, 1815 
Family Cyclopidae Rafinesque, 1815 
Subfamily Eucyclopinae Kiefer, 1927 
Genus Australoeucyclops Karanovic, 2006 

Australoeucyclops Karanovic, 2006: 22. 

Type species 

Australoeucyclops karaytugi Karanovic, 2006, by 
original designation. 

Australoeucyclops darwini sp. nov. 

Figures 1-25 

Eucyclops linderi Lindberg, 1948: Jasinska and Knott, 
2000: 301. 

Australoeucyclops sp.: Tang and Knott, 2009: 6. 

Material examined 

Holotype 

Australia: Western Australian Q. dissected 
on 2 slides, Margaret River region. Turners 
Spring, benthos and interstitial, 27 February 2002, 
34°20 , 53 ,, S, 115°09 , 14 ,, E, S.M. Eberhard (WAM 
C28598). 

Allotype 

Australia: Western Australia: S dissected on 2 
slides, collected with holotype (WAM C28599). 

Other paratypes 

Australia: Western Australia: all collected with 
holotype: 2 $ (WAM C28600, C28601) and 2 $ 
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Figures 1-5 Australoeucyclops darwini sp. nov., holotype (female): 1, habitus, dorsal view; 2, antennula, anterior surface; 3, 
fifth leg; 4, mandibular palp; 5, labrum, ventral surface. Scales = 0.1 mm. 
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Figures 6-7 Australoeucyclops darwini sp. nov., holotype (female): 6, urosome, dorsal view; 7, urosome, ventral view. Scale 
= 0.1 mm. 
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(WAM C29602, C28603) dissected on 1 slide each; 
1 S and 1 $ dissected together on 1 slide (TMAG 
G5795); 2 $ and 97 $ in alcohol (WAM C29604). 

Other material 

Australia: Western Australia: 1 9 > Margaret 
River region, Egerton-Warburton Soak Dam, 
benthos and periphyton, 9 March 2002, 34°17 , 07"S, 
115°07 , 17"E, S.M. Eberhard (WAM C28605, in 
alcohol); 5 9 (1 ovigerous), Margaret River region, 
Bobs Hollow Spring, benthos and periphyton, 14 
March 2002, 34°03'50"S, 115°00 , 09 ,, E, S.M. Eberhard 
(WAM C28606, in alcohol); 11 $ (2 dissected 
and mounted on 1 slide each), 3 J 1 copepodid, 
Yanchep National Park, Cabaret Cave (YN30), 1 
June 1990, 31°32 , 31"S, 115°41 , 24 ,, E, E.J. Jasinska (AM 
P.78705-P.78706); 7 5 $,4 copepodids, same data 

except 27 January 1991, E.J. Jasinska (UWA); 6 2 

S, 2 copepodids, same data except 5 February 1992, 
E.J. Jasinska (UWA); 1 S, same data exept 29 July 
1993, E.J. Jasinska (UWA); 5|5^5 copepodids, 
same data except collection date unknown, E.J. 
Jasinska (UWA); 2 9 and 2 copepodids, Yanchep 
National Park, Carpark Cave (YN18), collection 
date unknown, 31°33'08"S, 115°41 , 08"E, E.J. Jasinska 
(UWA); 1 ?, Yanchep, Lot 51 Cave (YN555), 18 
September 2003, 31 0 34'31"S, 115°42 , 10 ,, E, A. Storey, 
B. Knott (UWA); 7 f, 2 & same data except 22 
September 2003, A. Storey, B. Knott (UWA); 4 % 

1 S, same data except 6 October 2004, A. Storey, 

B. Knott (UWA); 100 14 S, same data except 8 

November 2005, A. Storey, B. Knott (UWA); 9 $, 8 <?, 

2 copepodids, same data except 10 October 2007, A. 
Storey, B. Knott and D. Tang (UWA); 3 $, Yanchep 
National Park, Fridge Grotto Cave (YN81), 17 July 
1992, 31°31 , 21"S, 115°40T7"E, E.J. Jasinska (UWA); 1 
$, 1 $, 6 copepodids, Yanchep National Park, Gilgie 
Cave (YN27), 17 March 1993, 31°34 , 07"S, 115°41 , 18 ,, E, 
E.J. Jasinska (UWA); 7 %, 4 copepodids, same data 
except 28 August 1994, E.J. Jasinska (UWA); 123 ? (2 
dissected and mounted on 1 slide each; 1 dissected 
and mounted together with 1 male on 1 slide 
(TMAG G5796)), 83 $ and 205 copepodids, Yanchep 
National Park, Yellagonga Cave (YN438), 4 October 
2003, 31°33 , 04"S, U5°40 , 58 /, E, A. Storey, B. Knott: 
(UWA); 1 $, 1 copepodid, Yanchep National Park, 
Mire Bowl Cave (YN61), 17 July 1992, 31°31'32"S, 
115°40 , 32"E, E.J. Jasinska (UWA); 1 % same data 
except 18 September 2002, A. Storey (UWA); 1 $, 1 
$, same data except 22 September 2003, A. Storey, 
B. Knott (UWA); 4 $ (1 dissected and mounted 
on slide), same data except 8 November 2005, A. 
Storey, B. Knott (UWA); 1 S, Yanchep National Park, 
Orpheus Cave (YN256), 17 July 1992, 31°31 , 00"S, 
115°40 , 10"E, E.J. Jasinska (UWA); 2 ?, Yanchep 
National Park, Spillway Cave (YN565), 8 November 
2005, 31°32'41"S, 115°40 , 37"E, A. Storey, B. Knott 
(UWA); 1 9, Yanchep National Park, Twilight Cave 
(YN194), 2 June, 1996, 31°34'05"S, 115°4T21"E, E.J. 


Jasinska (UWA); 3 $, 2 copepodids, same data 
except 27 November 1996, E.J. Jasinska (UWA); 
5 V, 1 8 copepodids, Yanchep National Park, 

Water Cave (YN11), 19 September 2003, 31°33 , 02"S., 
115°40 , 59"E., A. Storey, B. Knott (UWA); 4 <$, same 
data except 4 December 2008, A. Storey, B. Knott 
and D. Tang (UWA); 1 $, 1 copepodid, Bullsbrook, 
Mrs. King's tumulus spring, 8 May 1996, 31°39'04"S., 
115°57T1"E., E.J. Jasinska and V. English (UWA); 
many specimens, west of Eneabba, Beekeepers Cave 
(E-10), May 2007, R.A.J. Susac (DEC). 

Diagnosis 

Moderately large Australoeucy clops , with relatively 
slender habitus, one row of setules only on lateral 
corners of fifth pedigerous somite, long antennulae, 
and caudal rami less than 2.5 times as long as wide. 
Innermost apical seta on caudal rami 1.5 times as 
long as innermost one. Seminal receptacle small 
and butterfly-shaped. Second endopodal segment 
of first swimming leg with two inner setae. Apical 
spines on fourth leg endopod relatively robust and 
similar in size. Fifth leg armed with innermost 
robust spine and two slender, slightly longer setae. 

Description 

Female (holotype) 

Body length, excluding caudal setae, 0.735 mm. 
Habitus (Figure 1) relatively slender, with prosome/ 
urosome ratio 1.6 and greatest width at posterior 
end of cephalothorax. Body length/width ratio 
about 2.8; cephalothorax three times as wide as 
genital double-somite. Prosomal somites without 
pronounced lateral expansions; fifth pedigerous 
somite with lateral corner slightly protruded. 
Colour of preserved specimen yellowish. 
Nauplius eye not visible. Rostrum well developed, 
membranous, broadly rounded and furnished with 
two large sensilla. 

Cephalothorax (Figure 1) 1.1 times as long as its 
greatest width; represents 40% of total body length. 
Surface of cephalic shield with multiple large 
sensilla; no other ornamentation visible. Hyaline 
fringe of prosomites narrow and smooth. Second 
and third pedigerous somites (first and second free 
prosomites) ornamented with few large sensilla. 
Fourth pedigerous somite with two large dorsal 
sensilla and no lateral setules. Fifth pedigerous 
somite with two large dorsal sensilla, smooth fringe 
ventrally, finely serrated fringe dorsally and row of 
elongate setules along each lateral protrusion (ten 
setules on each side; Figures 6, 7 and 9). 

Genital double-somite (Figures 6, 7 and 9) 
slightly longer than its greatest width (ventral 
view), expanded anterolaterally and antero- 
ventrally; ornamented anteriorly with three large 
dorsomedian sensilla and one cuticular pore on 
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each side and posteriorly with two dorsal and 
two lateral sensilla and two lateral pores on each 
side. Hyaline fringe of genital double- and two 
subsequent somites sharply serrated ventrally 
and much less sharply serrated dorsally (more 
wavy than serrated). Copulatory pore large, ovoid; 
copulatory duct short, rigidly sclerotized. Seminal 
receptacle clearly bilobate and relatively small, 
representing 53% of double-somite width and 32% 
of its length; anterior and posterior expansions 
isometric, forming characteristic butterfly shape. 
Parts of oviducts rigidly sclerotized. Ovipores 
situated dorsolaterally, covered by reduced sixth 
legs. Third urosomite (Figures 6 and 7) ornamented 
with two ventral and two dorsal sensilla and two 
ventrolateral cuticular pores; fourth urosomite 
with two median dorsolateral pores and two 
ventrolateral pores anteriorly. Anal somite (Figures 
6 and 7) with smooth, broad and convex anal 
operculum, which represents 63% of somite's width; 
ornamented with two large sensilla dorsally and 
transverse row of small spinules along posterior 
margin. Anal sinus widely opened, ornamented 
with two diagonal rows of long spinules. 

Caudal rami (Figures 1, 6 and 7) 2.3 times as 
long as wide, parallel, with space between them 
about one-fourth of ramus' width. Ventrodistal 
margin with small median protuberance, possibly 
representing cuticular tube pore (Figure 7). 
Ornamentation consisting of two dorsal cuticular 
pores (one proximal, one distal) and several 
spinules at base of lateral and outermost apical 
setae. Dorsal seta about 1.1 times as long as ramus, 
inserted at 6/7 of ramus length, uniarticulate at 
base and plumose distally. Lateral seta arising 
at 3/4 of ramus length, positioned somewhat 
dorsolaterally, uniplumose and longer than ramus 
width. Outermost apical seta stout, spiniform, 
bipinnate, about 1.1 times as long as ramus; spinules 
along inner margin hair-like, those along outer 
margin stronger. Innermost apical seta slender, 
plumose and about 1.5 times as long as outermost 
apical seta. Principal apical setae with breaking 
planes; inner seta about 1.8 times as long as outer 
seta and 0.4 times as long as body. 

Antennula (Figures 1 and 2) reaching just beyond 
end of cephalothorax, 12-segmented, with one 
slender aesthetasc on ninth, eleventh and twelfth 
segments; setal formula: 8.4.2.6.4.2.2.3.2.2.2.7. No 
setae with breaking planes or articulating on 
basal part; one seta at anterodistal corner of sixth 
segment spiniform and very short. Most setae 
smooth, only 12 setae (30%) plumose or pinnate 
at their distal end. Length ratio of antennular 
segments, measured along posterior margin, 1 : 0.4 
: 0.3 : 0.6 : 0.4 : 0.3 : 0.5 : 1 : 0.9 : 0.8 : 1 : 1.4. Ninth 
segment twice as long as wide. First segment with 
transverse row of large spinules; tenth, eleventh 


and twelfth segments each with one smooth and 
narrow longitudinal cuticular frill; other segments 
without visible ornamentation. 

Antenna (Figure 13) four-segmented, comprising 
short coxobasis and three-segmented endopod; 
coxobasis somewhat longer than other three 
subequal segments. Coxobasis about twice as 
long as wide, ornamented with row of spinules 
along external margin, two short longitudinal 
rows on posterior surface, short row of stronger 
spinules on posterior surface near insertion of 
distomedial setae and three proximal, parallel rows 
on anterior surface; armed with two smooth setae 
at inner distal corner and distolateral pinnate seta 
representing exopod, slightly reaching beyond tip 
of appendage. First endopodal segment armed with 
one smooth seta and ornamented with longitudinal 
row of strong spinules along external margin 
and diagonal row of minute spinules on posterior 
surface. Second endopodal segment about 1.8 times 
as long as wide, ornamented with longitudinal row 
of spinules along external margin and armed with 
five medial and four distomedial smooth setae. 
Third endopodal segment 2.6 times as long as wide, 
unornamented, armed with seven apical setae; 
longest with several pinnules, rest smooth. 

Labrum (Figure 5) trapezoidal, ornamented with 
10 long, slender spinules on each side of ventral 
midline. Cutting edge slightly concave, with 16 
small, blunt teeth between laterally produced 
serrated corners. No other ornamentation visible. 

Mandibula (Figure 4) with small but distinct palp, 
armed with two very long, finely plumed setae 
and one short, smooth seta on distal end. Coxal 
gnathobase cutting edge with very strong medial 
teeth and outer pinnate seta, latter longer than 
short seta on palp. 

Maxillula (Figures 10 and 11) composed of well 
developed praecoxa and two-segmented palp, 
without visible surface ornamentation. Arthrite of 
praecoxa with four strong, smooth apical spines of 
which only one distinct at base, others completely 
fused basally to arthrite; other seven armature 
elements along inner margin of arthrite, longest 
plumose. Palp distal segment with three apical 
setae (outermost strongest, longest and unipinnate; 
other two smooth); proximal segment armed 
laterally with one plumose seta and medially with 
two slender, pinnate setae and one robust, strongly 
bipinnate, spine. Palp somewhat shorter than 
arthrite of praecoxa. 

Maxilla (Figure 16) five-segmented, but praecoxa 
fused to coxa on posterior surface and also partly 
on anterior surface. Ornamentation consisting of 
two short rows of spinules (proximal set larger) 
on anterior surface of praecoxa. Proximal endite of 
praecoxa elongate, robust, armed with two pinnate 
setae; distal endite wanting. Proximal endite of coxa 
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Figures 8-11 Australoeucy cloys darwini sp. nov., holotype (female): 8, first swimming leg, posterior surface; 9, fifth pedig- 
erous somite and genital double-somite, lateral view; 10, maxillula, armature on palp not figured; 11, maxil- 
lular palp. Scales = 0.1 mm. 
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Figures 12-14 Australoeucy clops darwini sp. nov., holotype (female): 12, second swimming leg, anterior view; 13, antenna, 
anterior view; 14, third exopodal segment of third swimming leg. Scale = 0.1 mm. 
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hardly developed, bearing bipinnate seta; distal 
endite highly mobile, elongate and armed apically 
with one strong, pinnate seta and one slender 
seta. Basis with robust claw and two setae, one 
of them stronger, unipinnate and as long as claw; 
claw ornamented with longitudinal row of strong, 
subequal spinules along concave margin. Endopod 
two-segmented; proximal segment armed with 
two robust setae; distal segment with one robust 
apical seta and two slender subapical setae; all 
three robust setae pinnate, other two setae smooth. 
Longest seta on distal endopodal segment about 0.9 
times as long as strong seta on basis. 

Maxilliped (Figure 17) slender, four-segmented, 
composed of syncoxa, basis and two-segmented 
endopod. Syncoxa ornamented with two rows of 
minute spinules on anterior surface and armed 
with three pinnate setae; middle seta strongest and 
longest. Basis about as long as syncoxa and almost 
2.8 times as long as wide, ornamented with arched 
row of strong spinules on anterior surface and 
two fields of minute spinules near outer margin 
(proximal on anterior, distal on posterior surface) 
and armed with two strong setae; proximal seta 
bipinnate and almost 1.7 times as long as distal 
seta. First endopodal segment ornamented with one 
arched row of four strong spinules and armed with 
one strong, unipinnate seta. Second endopodal 
segment very small, unornamented but armed with 
two smooth and one bipinnate seta; bipinnate seta 
completely fused basally to segment. 

All swimming legs with three-segmented exopod 
and endopod (Figures 8, 12, 14 and 15). Armature 
formula of swimming legs as follows: 



Exopod 

Endopod 

Legl 

1-1; 1-1; 111,2,3 

0-1; 0-2; 1,1+1,3 

Leg 2 

1-1; 1-1; 111,1+1,4 

0-1; 0-2; 1,I+1,3 

Leg 3 

1-1; 1-1; 11,1+1,4 

0-1; 0-2; 1,I+1,3 

Leg 4 

1-0; 1-1; 11,1+1,4 

0-1; 0-2; 1,11,2 


Third exopodal segment spine formula 3.4.3.3. 
Intercoxal sclerites with rounded protrusion at each 
side of distal margin, ornamented with arched rows 
of spinules on both anterior and posterior surfaces 
laterally and distally, as well as several minute 
spinules at middle on posterior surface. All coxae 
ornamented with multiple rows of spinules and 
armed with one pinnate seta at inner distal corner; 
this seta very robust, almost spiniform, in fourth 
leg (Figure 15). Spine inserted at inner, protruded 
corner of basis of first leg reaching third endopodal 
segment (Figure 8). All setae slender and plumose; 
outer apical seta on third exopodal segment of first 
leg with long pinnules along inner margin and 
short ones along outer margin (Figure 8). First two 
segments of both rami of each leg with short row of 
spinules along distal margin, usually on both sides. 
Third endopodal segment of fourth swimming 


leg about 1.7 times as long as wide; both spines 
very strong, nearly subequal in length (outer spine 
slightly longer than inner spine) and about 1.3 times 
as long as segment (Figure 15). 

Fifth leg (Figure 3) represented by simple, 
quadrate (or slightly trapeziform), small cuticular 
plate, with single minute spinule on inner distal 
corner and armed with three elements, all 
inserted on same plane and each on own small 
protuberance. Outermost seta (probably ancestral 
basal one) slender, unipinnate along outer margin, 
about 3.8 times as long as segment. Middle seta 
also slender, plumose at distal end, about as long as 
outermost one. Innermost spine very strong, about 
0.8 times as long as middle seta and three times as 
long as segment. 

Sixth leg (Figure 9) distinct, represented by 
semicircular cuticular plate, armed with two nearly 
subequal, minute smooth spines and one longer 
bipinnate seta; median spine distinct, other one 
completely fused to leg. 

Male (allotype) 

Body length excluding caudal setae, 0.612 
mm. Habitus (Figure 20) much more slender 
than in female, with prosome/urosome ratio 1.6 
and greatest width attained at posterior end of 
cephalothorax. Body length/width ratio about 3.1; 
cephalothorax about three times as wide as genital 
somite. 

Cephalothorax (Figure 20) 1.2 times as long as 
greatest width (from dorsal view). Ornamentation 
of prosomites, colour and nauplius eye similar to 
those of female. Fifth pedigerous somite (Figures 
20 and 23) with less protruded lateral corners than 
in female and lacking elongated setules on lateral 
margins. Hyaline fringe of fifth pedigerous somite 
smooth; that of genital somite sharply serrated 
dorsally; that of other urosomites (except anal one) 
sharply serrated both dorsally and ventrally (Figure 
23). 

Genital somite without any visible surface 
ornamentation; third urosomite with pair of 
ventral sensilla; fourth and fifth urosomites each 
with two ventral cuticular pores (Figure 23). Anal 
somite with smooth, concave and very broad anal 
operculum, which represents 65% of somite's width; 
ornamented with two dorsal sensilla, transverse 
row of spinules along posteroventral margin and 
two ventral cuticular pores. Anal sinus wide, 
ornamented with two diagonal rows of minute 
spinules. 

Caudal rami (Figure 23) about 1.8 times as long as 
wide, parallel, with very narrow space left between 
them. Armature and ornamentation similar to 
female, except innermost apical seta somewhat 
longer. 


256 


T. Karanovic, D. Tang 


Antennula (Figure 21) of almost equal length 
as cephalothorax, 16-segmented, digeniculate, 
with geniculations between ninth and tenth and 
between fourteenth and fifteenth segments. First 
segment with short, diagonal row of spinules; other 
segments without ornamentation. Fourteenth and 
fifteenth segments with characteristic cuticular 
structures (geniculation blades). Sensory cylinder 
formula: 2.1.1.2.0.1.0.0.1.0.0.0.0.0.01. Sensory cylinder 
on the sixteenth segment slender and smooth 
(aesthetasc); all others apically setose (sensory 
clubs). Setal formula: 6.3.1.1.1.1.1.2.2.2.3.1.1.0.2.11. 
Setae on eleventh, twelfth, thirteenth and fifteenth 
segments characteristically modified, spiniform. 
Only two spiniform setae (one on eleventh and one 
on thirteenth segment), one slender seta on second 
segment and one on fifteenth segment pinnate at 
their distal end; only seven setae (one on fifteenth 
and six on sixteenth segment) articulating on basal 
part. 

Antenna, labrum, mandibula, maxillula, maxilla, 
maxilliped and swimming legs (Figure 22) similar 
to female. 

Fifth leg (Figures 23 and 24) also similar to 
female, except innermost spine and middle seta 
slightly shorter. 

Sixth leg (Figures 23 and 25) represented by 
distinct large plate, armed with one spine and two 
pinnate setae and ornamented proximally with 
single cuticular pore. Innermost spine about as long 
as spine on fifth leg and slightly longer than middle 
seta. Outermost seta about 1.5 times as long as 
spine and 1.8 times as long as middle seta. 

Variability 

Although numerous female and male specimens 
were dissected and examined, almost no variability 
worth reporting was discovered. Body length of 
females ranges from 0.654 mm to 0.785 mm (0.737 
mm average; n = 17), while in males it ranges 
from 0.600 mm to 0.665 mm (0.632 mm average; 
n = 6). Apical spines on the third endopodal 
segment of the fourth swimming leg are generally 
subequal, with usually the outer one being slightly 
longer (Figures 15, 18 and 22), but sometimes the 
inner spine can be slightly longer (Figure 19). 
Egg-sacs of ovigerous females contain between 
four and six eggs. Very small differences in the 
finest ornamentation of the swimming legs and 
mouthparts were also observed. 

Etymology 

The species is named in honour of the late 
Charles Darwin, as a celebration of the 200 th 
anniversary of his birth and the 150 th anniversary 
of the publication of his famous book "The origin 
of species by means of natural selection, or the 
preservation of favoured races in the struggle for 


life". The name is a noun in the genitive singular. 

DISCUSSION 

The new species fits nicely into the generic 
diagnosis of Australoeucyclops by having a slender 
habitus, 12-segmented female antennula, inner 
corner of the basis of second, third and fourth 
swimming legs produced into a large acute process, 
absence of an inner seta on the proximal exopodal 
segment of the fourth leg, spine formula of the 
third exopodal segments of the swimming legs 
3.4.3.3, and 1-segmented fifth leg with 3 apical 
elements (innermost robust spine and two setae) 
all inserted on the same plane. The genus, as 
defined by Karanovic (2006), included five species. 
Australoeucy clops karaytugi Karanovic, 2006 was 
described from Weeli Wolli Spring in the Pilbara 
region of Western Australia and designated as 
the type species, but Karanovic also formally 
transferred to this genus four other members from 
the genera Eucyclops Claus, 1893 and Paracyclops 
Claus, 1893. Australoeucy clops cucyclopoidcs (Kiefer, 
1929) was originally described as Paracyclops 
cucyclopoides from Lombok (near Java) by Kiefer 
(1929), and later reported and redescribed from 
Sumatra, Java and Bali (Heberer and Kiefer 1932; 
Kiefer 1933). Heberer and Kiefer (1932) and Kiefer 
(1933) noted mixed characters of Paracyclops and 
Eucyclops in this species (a factor reflected also 
in Kiefer's (1929) choice of specific name), but it 
was not until much later (Kiefer 1969) that its 
spine formula was corrected (3.4.3.3 instead of 
3.4.4.3). The second species was described from 
South Australia by Lindberg (1948), as Eucyclops 
linderi, and included in his list of Australian 
cyclopoids (Lindberg 1953). Morton (1990) formally 
transferred this species into the genus Paracyclops, 
which reflected its unsettled generic position. 
The third species formally transferred into the 
genus Australoeucyclops was described from New 
South Wales as Paracyclops timmsi by Kiefer (1969), 
who also noted its very close relationship with P. 
cucyclopoidcs but failed to recognise its similarity 
with Lindberg's Eucyclops linderi. Finally, Lewis 
(1974) described Paracyclops waiariki from New 
Zealand and noted that "it does not conform 
precisely to the generic description". This species 
was redescribed in detail by Karaytug and Boxshall 
(1998a), although without any mention of its 
questionable position in the genus Paracyclops. 

Unfortunately, only A. karaytugi and A. waiariki 
(Lewis, 1974) are described (or redescribed) in 
sufficient detail to allow a proper comparison with 
A. darwini sp. nov., while A. eucyclopoides, A. linderi 
(Lindberg, 1948) and A. timmsi (Kiefer, 1969) are 
only partly described and many characters are 
unknown. This, and the fact that A. timmsi and A. 
linderi are known only after females, precluded 
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Figures 15-19 Australoeucy cloys darwini sp. nov., 15-17, holotype (female); 18, paratype female (0.726 mm); 19, paratype 
male (0.619 mm): 15, fourth swimming leg, posterior view; 16, maxilla, anterior view; 17, maxilliped, an¬ 
terior view; 18, third endopodal segment of fourth swimming leg; 19, third endopodal segment of fourth 
swimming leg. Scale = 0.1 mm. 
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Figures 20-25 Australoeucyclops darwini sp. nov., allotype (male): 20, habitus, dorsal view; 21, antennula, posterior surface; 

22, third endopodal segment of fourth swmming leg; 23, urosome, ventral view; 24, fifth leg; 25, sixth leg. 
Scales = 0.1 mm. 
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us from analysing the phylogenetic relationships 
of Australoeucy clops. However, the new species 
differs from all its congeners by its subequal 
apical spines on the fourth leg endopod (Figures 
15, 18, 19 and 22) and relatively short caudal rami 
(Figures 6, 7 and 23), but can be distinguished 
further by a number of other characters. It differs 
from the Indonesian A. eucyclopoides also by a 
much more robust and longer middle seta on the 
fifth leg (which is delicate and shorter than the 
spine in A. eucyclopoides ), more elongated third 
endopodal segment of the fourth leg and smaller 
and differently shaped seminal receptacle (which 
has an oval anterior part in A. eucyclopoides). 
Australoeucy clops linderi differs from all other 
congeners by the relative size of the inner apical 
spine of the fourth leg endopod, which is much 
shorter than the outer apical one. This South 
Australian species seems to differ from A. darwini 
also by the longer caudal rami and absence of 
lateral setules on the fifth pedigerous somite (as far 
as we can tell from Lindberg's (1948) drawings) and 
outer apical spiniform seta on the third endopodal 
segment of the third leg. The New South Wales A. 
timmsi differs from A. darwini by having a relatively 
shorter spine on the fifth leg, much larger seminal 
receptacle, much longer caudal rami (actually 
twice as long), much longer inner apical spine on 
the distal endopodal segment of the fourth leg 
(the inner spine is twice as long as the outer one) 
and setules on the lateral corners of the fourth 
pedigerous somite. The last three differences are 
also true for the New Zealand A. waiariki, which 
can be distinguished additionally from A. darwini 
by its highly ornate caudal rami, shorter antennulae 
and antennae, as well as a longer inner basal spine 
on the first leg. Finally, the Western Australian A. 
karaytugi can be distinguished from A. darwini by 
the following characters: a more slender habitus; 
fourth pedigerous somite with lateral setules 
(absent in the new species); fifth pedigerous somite 
with two parallel rows of lateral setules (only 
one in the new species); longer caudal rami (1/w 
index 3.8 vs. 2.3); innermost apical seta on caudal 
rami shorter than outermost apical one (longer in 
the new species); shorter antennula and antenna; 
second endopodal segment of first swimming leg 
with only one inner seta (two in the new species); 
and inner apical spine on the third endopodal 
segment of the fourth leg 2.5 times as long as outer 
apical one (of about the same length in the new 
species). Below is the key to species to aid in their 
identification. 


KEY TO SPECIES OF AUSTRALOEUCYCLOPS 

1. Apical spines on third endopodal segment of 

fourth leg very different in size.2 

Spines subequal. A. darwini sp. nov. 

2. Inner apical spine on third leg endopod 

significantly longer than outer spine.3 

Inner spine much shorter than outer spine. 

. A. linderi (Lindberg, 1948) 

3. Innermost apical seta on caudal rami longer 

than outermost one. 4 

Innermost seta shorter. 

.A. karaytugi Karanovic, 2006 

4. Caudal rami with smooth surface. 5 

Rami with numerous minute spinules. 

.A. waiariki (Lewis, 1974) 

5. Spine on fifth leg about as long as outer seta. 

.A. eucyclopoides (Kiefer, 1929) 

Spine much shorter. A. timmsi (Kiefer, 1969) 

As previously mentioned, the new species is 
described from three disjunct populations from 
the Margaret River region, Gnangara Mound 
region and Eneabba, but we expect that further 
investigations of both surface and subterranean 
environments in this part of Western Australia 
will slowly fill the gaps in its known distribution. 
All these localities are situated in an area of 
Quaternary dune deposits within the Swan 
Coastal Plain (Davidson 1995). Further, the cave 
sites occur near the coast in areas consisting of 
an aeolian calcarenite layer overlying quartz 
sands of mid-Pleistocene age (Kendrick et al. 
1991). These sampling sites are probably well 
interconnected, as we did not find any substantial 
morphological variability between these disjunct 
populations. However, more interesting is the 
habitat choice of these three populations. The 
Margaret River population was found only in 
surface water habitats (two springs and one 
dam) despite a thorough survey of subterranean 
habitats in that area (Eberhard 2004; Karanovic 
2005; although most results regarding stygal 
harpacticoids are still awaiting publication). The 
two northern populations (Gnangara Mound and 
Eneabba), on the other hand, were found almost 
entirely in caves. This habitat shift is probably 
a consequence of the psychrophilic ecology of 
this species, which in warmer northern areas 
probably seeks cooler environments such as that 
afforded by subterranean waters; this trait is not 
uncommon in copepods. For example, the Holarctic 
Diacyclops crassicaudis (Sars, 1863) is a stygobiont 
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in Southern Europe, stygophile in Central Europe 
and stygoxene in Northern Europe (Rylov 1948; 
Dussart 1969; Monchenko 1974). It is obviously 
a glacial relict in Southern Europe (Karanovic, 
unpublished PhD thesis). However, in Australia the 
main driving force for habitat shifts seems to be 
aridity associated with global climate changes in 
the same period (Karanovic 2004), and we believe 
this is also the case with A. darwini. This scenario 
is consistent with the disjunct distribution patterns 
of many Australian copepods (Karanovic 2006, 
2008) and may also explain the distribution of 
the Australoeucyclops species in Australia. As we 
noted above, the four Australian representatives 
are present in New South Wales, South Australia, 
south-western Western Australia and north¬ 
western Western Australia (Pilbara region), but 
the genus is absent from the well surveyed 
Murchison region, which lays between the Pilbara 
and south-western Western Australia. Karanovic 
(2006) proposed a "pulsating desert hypothesis" 
as a novel dynamic model that may explain some 
of the incredible differences in stygofaunas (not 
just copepods) of these two neighbouring Western 
Australian regions. It is interesting to note that 
these distribution patterns are also nicely reflected 
in the marine interstitial medium (Karanovic 2008), 
which emphasizes the importance of looking at 
small-scale patterns when inferring Gondwanan 
biogeography and challenges assumptions of 
monophyly of large continental blocks (Giribet and 
Edgecombe 2006). 

The order Cyclopoida Rafinesque, 1815 today has 
around 1360 valid species, classified into 204 genera 
and 18 families (Karanovic 2008). The recently 
described family Abrsidae Karanovic, 2008 has only 
one species in the Australian marine interstitial. 
The largest family is Cyclopidae Rafinesque, 1815, 
with more than 780 species in 60 genera (Boxshall 
and Halsey 2004), mostly free-living in freshwater 
and with some representatives in coastal and 
brackish waters. It is currently subdivided into 
four subfamilies: Cyclopinae Rafinesque, 1915; 
Eucyclopinae Kiefer, 1927; Halicyclopinae Kiefer, 
1927; and Euryteinae Monchenko, 1975. The 
genus Australoeucy clops undoubtedly belongs 
to the subfamily Eucyclopinae, which presently 
encompasses about 187 species and subspecies, 
that are mostly benthic in freshwater habitats 
and classified into 11 valid genera (Dussart 
and Defaye 1985, 2006; Pospisil and Stoch 1997; 
Boxshall and Halsey 2004): Afrocyclops Sars, 
1927; Australoeucy clop s- f Austriocy clops Kiefer, 
1964; Ectocyclops Brady, 1904; Eucyclops; 
Homocyclops Forbes, 1897; Macrocyclops Claus, 
1893; Ochridacyclops Kiefer, 1937; Paracyclops; 
Thaumasiocyclops Kiefer, 1930; and Tropocyclops 
Kiefer, 1927. 


Among other characters, Kiefer (1927) defined 
this subfamily by the presence of three armature 
elements on the terminal (or only) segment of the 
fifth leg. However, he (Kiefer 1930,1933) recognised 
Eucyclops teras (Graeter, 1907) (later redescribed and 
transferred into a separate subgenus Stygocyclops 
by Ple§a (1971)) and Thaumasio cyclops insulanus 
Kiefer, 1930 also as members of the subfamily 
Eucyclopinae, although they have only two 
armature elements on the fifth leg. Heberer and 
Kiefer (1932) even reported one aberrant female of 
Eucyclops serrulatus (Fishcher, 1851) with only two 
armature elements on the fifth leg. There are only 
three other species of Eucyclopinae with fewer than 
three armature elements on the fifth leg. The first 
one is Austriocy clops vindobonae Kiefer, 1964, which 
was rediscovered, redescribed and transferred 
from Cyclopinae to Eucyclopinae by Pospisil and 
Stoch (1997). It has a completely reduced fifth 
leg, with only one or two setae as its remnants. It 
should be said that the genus Ectocyclops also has 
a completely reduced fifth leg, but in this genus 
all 17 species and subspecies have retained three 
armature elements. Tropocyclops jamaicensis Reid 
and Janetzky, 1996 constitutes the fifth known case 
(including the earlier mentioned aberrant specimen 
of Eucyclops serrulatus ) of reduction of the number 
of fifth leg armature elements in Eucyclopinae. It 
was described from phytotelmata in leaf axils of 
Jamaican bromeliads (Reid and Janetzky 1996), 
but according to Karanovic (2006) it represents a 
separate genus. Finally, Defaye (2007) described 
Tropocyclops matanocnsis Defaye, 2007 with only two 
elements on the fifth leg, from the deep waters of 
the ancient Lake Matano, Indonesia. The genera 
Thaumasiocy clops, Austriocy clops and the subgenus 
Stygocyclops are still monospecific (Dussart and 
Defaye 2006). 

Australoeucy clops has a 1-segmented fifth leg with 
three armature elements (innermost spine and 
two setae), like the genera Afrocyclops, Eucyclops, 
Ochridacy clops, Paracyclops and Tropocyclops. 
Afrocyclops is an endemic African (including 
Madagascar) genus (only A. gibsoni abbrcviatus 
(Kiefer, 1933) is found additionally in Java and 
Bali). It is morphologically most similar to Eucyclops 
but clearly distinguished by the position of a 
lateral seta on the terminal segment of the female 
antennula, absence of sensory clubs on the male 
antennula, an exceptionally long spine on the sixth 
leg in male, a smooth outer margin of the caudal 
rami and the spine formula of the swimming legs 
2(3).3.3.3 (see Einsle 1971). Tropocyclops is the only 
other genus in the subfamily lacking the sensory 
clubs on the male antennula (they have smooth 
sensory cylinders (aesthetascs), like in Cyclopinae); 
it also has a very characteristic seminal receptacle 
and an exceptionally long inner apical spine 
on the third endopodal segment of the fourth 
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swimming leg. Ochridacyclops was described from 
a freshwater sponge from Lake Ohrid (Macedonia) 
by Kiefer (1937). Petkovski (1954) described a 
separate subspecies from another sponge from 
Lake Prespa (also Macedonia), and another new 
species was later described from streams in 
Kwangtung (China) by Shen and Tai (1964) (see 
also Shen et al. 1979). Two species described from 
Japan by Karaytug et al. (1996) and Ishida (2002) 
in the genus Ochridacy clops are, according to 
Karanovic (2006), obvious members of Eucyclops, 
from which the former can be distinguished by the 

11- segmented female antennulae. Three recently 
described species of Ochridacy clops from Korea, 
Kenya and Nepal (see Lee et al. 2004; Tomikawa et 
al. 2005) widen the generic diagnosis even further 
and place this group in urgent need of revision. 
The genus Paracyclops was recently partly revised 
(Karaytug and Boxshall 1998a, b) and studied 
extensively (Karaytug and Boxshall 1996, 1998c, 
1999; Karaytug et al. 1998; Karaytug 1999). Although 
Karaytug and Boxshall (1998b) redescribed the type 
species and designated a neotype, they failed to 
revise the generic diagnosis and its relationships 
with the other Eucyclopinae. In fact, not a single 
species was synonymised for the first time in that 
revision nor was its taxonomic status within the 
genus questioned. Consequently, species described 
in other genera (like Eucyclops linden) were not 
discussed or transferred into Paracyclops. The genus 
Australoeucy clops is probably most closely related 
to the genera Eucyclops and Paracyclops , but is well 
defined by its slender habitus, caudal rami shape, 

12- segmented antennulae, spine formula, absence 
of inner seta on the first exopodal segment of the 
fourth leg and its fifth leg shape. 

The genus Macrocyclops is the only one in 
the subfamily with a two-segmented fifth leg 
(Karaytug 1999). Its six valid species (Dussart 
and Defaye 2006) have an isolated position 
within the Eucyclopinae also because of the 
nature of the outermost armature element on the 
apical segment of the fifth leg, which is on the 
other hand similar to that in the monospecific 
genus Homocyclops. The latter genus differs from 
Macrocyclops essentially only by the reduced 
segmentation of the fifth leg (proximal segment 
completely lost), while the armature of the distal 
segment (the only segment in Homocyclops ) is the 
same and consists of an innermost subapical 
spine, middle apical seta and outermost subapical 
spine. All other Eucylopinae genera have the 
outermost armature element as a slender seta, 
which probably represents the outer basal seta and 
is, therefore, homologous with the outer seta on the 
proximal segment rather than the outermost spine 
on the distal segment of Macrocyclops. However, 
the alternative interpretation that the outermost 
slender armature element of all other Eucyclopinae 


genera is homologous to the outer distal spine of 
Macrocyclops-Homocyclops, and that all of them 
have lost the outer basal seta, cannot be completely 
ruled out and will require a comprehensive 
phylogenetic analysis to resolve this problem. The 
genera Macrocyclops and Homocyclops also share 
a 17-segmented female antennula, while other 
Eucyclopinae genera have this appendage at most 
12-segmented. These plesiomorphic characters 
place these two genera as a sister-group to all other 
Eucyclopinae, but also to Cyclopinae members, 
which have a 17-segmented antennula in more 
primitive genera and have preserved the outer 
basal seta on the fifth leg even when both segments 
are completely fused to the somite and, on the other 
hand, have lost the outermost subapical spine (just 
as other members of Eucyclopinae). The fact that 
the proximal segment (and outer basal seta) is lost 
on the fifth leg of the genus Homocyclops shows that 
this cyclopoid has followed a completely different 
evolutionary path. The genus Macrocyclops is only 
probably separated from Homocyclops by a single 
evolutionary event and it looks like it can be very 
similar to its ancestor (if it is not its ancestor). 
Non-expressed basis of the fifth leg is certainly a 
regressive trait and it is questionable if Homocyclops 
deserves a separate generic status. 
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A new species of deltocephaline leafhoppers of the genus Horouta 
from Barrow Island, Western Australia (Hemiptera: Cicadellidae) 


Murray J. Fletcher 

Orange Agricultural Institute, Industry and Investment NSW, Forest Road, Orange, New South Wales 2800, Australia 

Email: murray.fletcher@industry.nsw.gov.au 


Abstract - The new species Horouta darwini is described from Barrow Island, 
Western Australia. The genus Horouta Knight, originally described as an 
endemic taxon in New Zealand, now contains seven Australian species and 
a single New Zealand species. H. darwini represents the first record of the 
genus in Western Australia. Most described species show some degree of 
brachyptery. 


INTRODUCTION 

The leafhopper genus Horouta Knight, 1975, was 
created for the single endemic New Zealand species 
Horouta inconstans Knight, 1975. For almost thirty 
years, the genus was regarded as a New Zealand 
endemic but Fletcher (2004) added six Australian 
species to the genus, two of which were new and 
four of which were transferred from other genera 
in which they had been erroneously placed. This 
changed the status of the genus from endemic 
New Zealand to primarily Australian with a single 
representative, the type species, in New Zealand. 
The Australian records provided by Fletcher (2004) 
were all from Qld, NSW, Victoria and Tasmania but 
this paper now extends the known distribution of 
the genus to Barrow Island, Western Australia. 

Barrow Island is a 202 square km nature reserve 
situated about 70 km off the Pilbara coast of 
Western Australia. Its arid climate supports flat 
spinifex grasslands dotted with termite mounds 
and sandhills. It was once a turtle fishery but the 
island became the site of Western Australia's first 
commercial oil field in 1967. More recently, the 
Gorgon Gas Development was established to utilise 
large natural gas reserves under the Timor Sea and, 
because of the environmental sensitivity of the 
island, major environmental surveys were initiated 
to monitor possible impacts of this development 
(Majer et al. 2008a, 2008b). 

These surveys have revealed a number of novel 
forms of Auchenorrhyncha, a summary of which 
was provided by Fletcher and Moir (2008). One of 
these is a new species of Horouta and is described 
herein in honour of Charles Darwin. 

MATERIALS AND METHODS 

The specimens examined here were collected 
into ethanol from which they were subsequently 


removed and pinned. Male genitalia were 
examined after the abdomen was removed and 
cleared, some in 10% potassium hydroxide, 
and others in Proteinase K for DNA isolation. 
Specimens were examined under Leitz TS 
microscope, and images were photographed using 
a Micropublisher 5 RTV digital camera (Qlmaging) 
through a Leica MZ12.5 stereomicroscope and 
montaged images produced with AutoMontage 
Pro (Synchroscopy Pty Ltd). Line illustrations 
were prepared using Photoshop® CS from pencil 
originals scanned with an HP Scanjet 7400C 
scanner using the technique described in Fletcher 
(2008). 

The following abbreviations have been used in 
this paper: ASCU, NSW Agricultural Scientific 
Collections Unit, Orange, New South Wales; WAM, 
Western Australian Museum, Perth, Western 
Australia. 

Family Cicadellidae Latreille, 1825 
Subfamily Deltocephalinae Dallas, 1870 
Genus Horouta Knight, 1975 

Horouta Knight , 1975: 205. 

Type species 

Horouta inconstans Knight, 1975, by original 
designation. 

Horouta darwini sp. nov. 

Figures 1-11 

Material examined 

Holotype 

Australia: Western Australia: S, Barrow Island, 
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Figures 1-4 Horouta darwini, sp. nov. 1, habitus, holotype male; 2, habitus, paratype female; 3, dorsum, holotype; 4, face, 
holotype. Scale line = 1 mm 



Figures 5-6 Horouta darwini, sp. nov. paratype, male terminalia: 5, lateral view; 6, ventral view. 


site GP2, 20°47 , 38"S, 115°27 , 27"E, 15 March 2006, 
S. Callan and R. Graham (WAM Entomology 
Registration No. 71379). 

Paratypes 

Australia: Western Australia: 1 S, same data 
as holotype but site GP8, 20°47 , 59"S 115 0 26'25"E 
(ASCU); 1 $, same data as holotype but site GP6, 
20°47 , 05"S 115°26'28"E (ASCU); 1 $, same data 
as holotype but site GPX, 20°47 , 45"S 115 o 27'08"E 
(ASCU); 1 S, same data as holotype but site GP7, 
20°47 , 51"S 115°26 , 27"E (WAM); 1 $, same data 
as holotype but site CC2, 20°49 , 02"S 115°26 , 23"E 


(WAM); 1 S, same data as holotype but site Nil, 
20°48 , 52"S 115°22 , 32"E, 6 May 2006 (WAM); 1 $, 
same data as previous but site N05, 20°51 , 53"S 
115°24 , 24 ,, E (WAM). 

Diagnosis 

Horouta darwini differs from all other species of 
the genus, except for H. spinosa Fletcher, by the 
presence of well developed pygofer processes. In 
H. spinosa the processes extend transversely while 
in H. darwini they are mounted dorsally and curve 
forwards along the margin of the pygofer then 
ventrally as parallel processes. In addition, the 
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Figures 7-11 Horouta darwini, sp. nov.: 7, pygofer process, lateral view; 8, connective and base of aedeagus, ventral view; 
9, paramere; 10, aedeagus, lateral view; 11, aedeagus, posterior view. 


subbasal processes on the aedeagus extend dorsally 
in H. darwini but are directed posteriorly in H. 
spinosa. The head is more angulate anteriorly in 
H. spinosa than in H. darwini in which the anterior 
margin of the head is broadly rounded. 

Description 

Adults 

Total length: male, macropterous (Figure 1) (n=7) 
2.4-2.8 mm (mean=2.61 mm); female, brachypterous 
(Figure 2) (n=l) 2.8 mm (estimate). 

Colour: Entirely pale brown, tending to slightly 
darker around apex of head, except for apex of 
labium and bases of tibia spines which are dark 
brown (Figures 1-4). 

Male genitalia: Pygofer (Figure 5) elongated 
posteriorly and covered with macrosetae increasing 
in length from near base to apex of posterior lobe. 
Inner margins of posterior lobes each bearing 
elongate process extending along margin then 
curving ventrally, apically leaf-shaped with anterior 
margin bearing short, irregular teeth (Figure 7). In 
posterior view, processes extend ventrally parallel 
to each other. Subgenital plates (Figure 6) narrow 
triangular, almost acuminate apically with single 
marginal row of seven macrosetae extending entire 
length except at very base and small group of short 
macrosetae at very apex of plate. Parameres (Figure 


9) narrow with narrow, curved apical process 
and small preapical shoulder. Connective (Figure 
8) fused with base of aedeagus, with long arms 
parallel to each other. Aedeagus (Figures 10-11) 
with elongate basal half extending posteriorly, then 
curving dorsally and finally anteriorly at very apex. 
Two pairs of elongate, triangular processes at point 
where shaft curves dorsally, the inner extending 
towards apex of shaft, the outer pair shorter and 
curving outwards from shaft. Gonopore apical. 

Etymology 

This species is named in honour of Charles 
Darwin to mark the 200 th anniversary of his birth 
and the 150 th anniversary of the publication of 
"The Origin of Species" (Darwin 1859) one of the 
foundation publications in modern evolutionary 
science. 

Remarks 

The number of different collecting sites in this 
list indicates that the species is quite widespread 
across the island. A number of collecting methods 
were used in the surveys, including pitfall trapping, 
suction sampling, beating and hand collecting 
(both diurnal and nocturnal) but the samples from 
the 2006 survey were pooled for each site and no 
information is therefore available on the methods 
used to collect particular specimens. 
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DISCUSSION 

This is the first record of the genus Horouta in 
Western Australia, all other species being limited to 
eastern coastal localities with the single species, H. 
inconstans endemic to New Zealand (Fletcher 2004). 
This indicates that further species may eventually 
be found across central or northern Australia. Most 
of the species show distinct brachyptery with only 
H. jahmoi Fletcher being macropterous in all known 
specimens. However, since only two specimens 
are known of this species there is a possibility 
that a brachypterous form of H. jahmoi also exists. 
Horouta lotis (Kirkaldy) and H. inconstans are known 
in both a macropterous and a brachypterous form 
with Knight (1975) indicating that H. inconstans 
is also known in a semimacropterous form. 
Horouta austrina (Kirkaldy) is only known in a 
semimacropterous form with the wings extended 
to near the apex of the abdomen. All the known 
specimens of H. spinosa, H. aristarche and H. 
perparvus are brachypterous and, as the latter 
two species are well represented in collections, 
if macroptery exists, it is very uncommon. In H. 
darwini, the only known female is brachypterous 
(Figure 2) while the holotype (Figure 1) and all 
other paratypes are macropterous males. 
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Abstract - This paper describes the fourth and fifth species of Radinacantha 
(Tingidae), a lacebug genus endemic to Australia and Madagascar. 
Radinacantha darwini sp. nov. is restricted to southwestern Western Australia. 
In contrast, Radinacantha dondiorum sp. nov. is found on the mid north coast 
of New South Wales. A key to species of the genus is provided and host 
associations are discussed. 


INTRODUCTION 

In Australia, the Gondwanan lacebug genus 
Radinacantha Hacker, 1929 (Hemiptera: Heteroptera: 
Tingidae) is represented by two described species. 
Radinacantha reticulata Hacker, 1929 has been 
recorded from Queensland and Victoria (Hacker 
1929; Drake and Ruhoff 1960, 1965; Cassis and 
Gross 1995), with recent new records for Western 
Australia and Tasmania (Moir, unpublished 
data). Radinacantha tasmanica Hacker, 1929 was 
originally described from Tasmania (Hacker 
1929); however. Cassis and Gross (1995) extended 
the distribution to include Victoria, New South 
Wales, Northern Territory and Western Australia. 
Radinacantha prudens Drake and Poor is the only 
species represented outside Australia, being present 
in Madagascar (Drake and Poor 1937; Drake and 
Ruhoff 1960,1965). 

Here, I describe two additional species, 
Radinacantha darwini sp. nov., which is restricted 
to the southwest of Western Australia, and 
Radinacantha dondiorum sp. nov. from the mid north 
coast of New South Wales. In addition, a key to 
species of the genus is provided. 

MATERIALS AND METHODS 

The specimens examined here were collected in 
the field by beating or vacuum sampling (see Moir 
et al. 2005a for a description of these methods) and 
preserved in 75% ethanol or pinned. Specimens 
are deposited in the Western Australian Museum, 
Perth (WAM), the Agriculture Department of 
Western Australia, Perth (AGWA), the M.L. Moir 
personal collection, Kalgoorlie (MLM), the New 
South Wales Agricultural Scientific Collections 
Unit, Orange (ASCU), and the J.W. Evans collection. 
The Australian Museum, Sydney (JWE). 


Specimens were examined with a Leica MZ6 
stereo microscope, and all images were produced 
using a MZ16 stereo microscope and the package 
Auto-montage Pro version 5.02(p) (Syncroscopy, 
Cambridge, UK). A map of species distribution was 
produced in ArcGIS Version 9.1 (Environmental 
Systems Research Inc.). Tingidae terminology 
follows Froeschner (1996) and Lis (2003). 

SYSTEMATICS 

Family Tingidae Laporte, 1832 
Subfamily Tinginae Laporte, 1832 
Tribe Tingini Laporte, 1832 
Genus Radinacantha Hacker, 1929 

Radinacantha Hacker, 1929: 330. 

Type species 

Radinacantha reticulata Hacker, 1929, by original 
designation. 

Remarks 

Tingid taxonomy is based solely on the external 
morphology, often without any description of 
the genitalia, that are minimally diagnostic (e.g. 
Lis 2000; Guilbert 2006, 2007; Schuh et al. 2006). 
Radinacantha is distinguished from other genera 
within the subfamily Tinginae present in Australia 
by the lack of inflated regions, spines or hairs on 
the dorsal surface, five cephalic processes, a single 
median pronotum carina, and very large costal 
areolae, especially when compared with those 
areolae of the subcostal area (e.g. Figures 3-6; 
Hacker 1929). 
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Figures 1-2 Head, collar and pronotal regions of 1, Radinacantha darwini sp. nov.; 2, Radinacantha dondiorum sp. nov. 


KEY TO SPECIES OF RADINACANTHA 

1. Paranota large, encompassing both pronotum 

and collar (Figures 1, 3). 

. Radinacantha darwini sp. nov. 

Paranota small, or appearing absent, restricted 
to collar and/or calli region (Figures 2,4). 

.2 

2. Costal region with two rows of areolae on 

anterior half, a single row of areolae for 

remainder of length (Figure 4). 

. Radinacantha dondiorum sp. nov. 

Costal region with a single row of areolae 
(Figures 5, 6).3 

3. Posterior cephalic (occipital) spines at least twice 

as long as other cephalic spines. 

. Radinacantha prudens Drake & Poor 

All cephalic spines approximately equal in 
length.4 

4. Paranota visible from dorsal view, consisting of 

a single row of areolae, cephalic spines longer 
than eyes and 1 st antennal segment (Figure 5) 


. Radinacantha reticulata Hacker 

Paranota visible only as a raised ridge, cephalic 
spines small, not exceeding eyes or 1 st 

antennal segment (Figure 6). 

. Radinacantha tasmanica Hacker 

Radinacantha darwini sp. nov. 

Figures 1,3, 7 

Material examined 

Holotype 

Australia: Western Australia: S, Stirling 
Range National Park, Mt Trio, 722m, 34°21 , 07"S, 
118°06 , 19"E, ex Gastrolobium tetragonophyllum , beat, 7 
November 2007, M.L. Moir (WAM T71385). 

Paratypes 

Australia: Western Australia: 4 S, 1 ?, Pingelly 
[32°32 , 02"S, 117°05 , 10 ,, E], October 1966, J. W. 
Evans (JWE, currently on loan to ASCU, numbers 
ASCT00172695 - ASCT00172699); 2 $, Stirling 
Range National Park, Mt Trio, 493 m, 34°20'38"S, 
118°06 , 37"E, ex Gastrolobium tetragonophyllum , beat. 
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Figures 3-6 Dorsal views of the Australian species of Radinacantha 3, Radinacantha darwini sp. nov. paratype (MLM 00701); 

4, Radinacantha dondiorum sp. nov. paratype (ASCU ASCT00024955); 5, Radinacantha reticulata Hacker, 1929; 6, 
Radinacantha tasmanica Hacker, 1929. 
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Figures 7-8 Dorsal view of nymphs of Radinacantha darwini sp. nov. 7,1 st instar; 8, 5 th instar. Scale line = 1 mm. 


7 November 2007, M.L. Moir (AGWA 140628-9); 
2 S, 9 nymphs, Stirling Range National Park, Mt 
Talyuberlup, 351 m, 34°24 , 51"S, 117°57 , 26"E, ex 
Gastrolobium bilobum, beat, 29 October 2007, M.L. 
Moir (WAM T71386, T71389-98); 1 S, Stirling 
Range National Park, Mt Trio, 493 m, 34°20 , 38 ,, S, 
118°06 , 37 /, E, ex Gastrolobium tetragonophyllum, 
vacuum, 7 November 2007, M.L. Moir (MLM 00703); 
1 S, 1 ?, Stirling Range National Park, Central 
Lookout, 354 m, 34°25 , 20"S, 117°56 , 00"E, ex Mirbelia 
dilatata , beat, 28 November 2007, M.L. Moir (WAM 
T71387-8); 1 9 , 7 nymphs, Stirling Range National 
Park, creek SE of Bluff Knoll, 296 m, 34°22 , 52"S, 
118°17 , 21"E, ex Gastrolobium leakeanum, vacuum, 20 
November 2007, M.L. Moir (MLM 00705-00708); 
1 nymph, Stirling Range National Park, Mt Trio, 


722 m, 34°2T02"S, 118°06'50"E, ex Gastrolobium 
crenulatum, vacuum, 4 November 2007, M.L. Moir 
(AGWA 140630). 

Other material examined 

Australia: Western Australia: 1 nymph, Stirling 
Range National Park, creek SE of Bluff Knoll, 296 m, 
34°22 , 52 ,, S, 118°17 , 21"E, ex Gastrolobium pulchellum, 
vacuum, 19 October 2007, M.L. Moir and K.E.C. 
Brennan (MLM 00711); 1 nymph, Stirling Range 
National Park, Bluff Knoll, 1039 m, 34°22 , 51"S, 
118°18 , 02 ,, E, ex Gastrolobium pulchellum, vacuum, 
17 November 2007, M.L. Moir (MLM 00709); 2 
S, 2 §, 6 nymphs, Jarrahdale, ex Mirbelia dilatata, 
vacuum /beat, November 2001, M.L. Moir (MLM 
00861-6); 1 adult, Nannup [33°58'55"S, 115°45 , 54"E], 
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ex aphid trap, F. Berlandier (AGWA 18922); 1 adult, 
Albany [35°01'05"S, 117°53 , 02"E], 19 January 1990, F. 
Berlandier (AGWA 18923 - specimen damaged). 

Diagnosis 

Radinacantha darwini is most similar to 
Radinacantha reticulata, but differs from the latter 
by the large paranota, which extend posteriorly to 
encompass both the pronotum and collar, whereas 
the paranota only reaches the anterior margin of 
the pronotum in R. reticulata (see Figures 3 and 5). 

Description 

Body measurements. S 6.00 ± 0.15 mm (n = 6), $ 
6.12 ± 0.25 mm (n = 6). 

Colour. Head, eyes, collar at calli region, body, 
genital capsule, 4 th antennal segment, and tarsi 
black. Remaining leg and antennal segments 
golden brown. Cephalic spines and reticulated 
veins of forewings also golden brown (Figure 3). 
Pronotum golden brown, with black lateral edges. 
Anterior margin of collar yellowish white. 

Head and antennae. Head with five very long, 
cephalic spines, extending to end of 2nd antennal 
segment (Figure 1). Antennophore short and 
rounded. Antennae slender, antennal segments 
measurements: I, 0.10 mm; II, 0.08 mm; III, 1.90 
mm; IV, 0.40 mm. Fourth antennal segment pilose. 
Rostrum extending to mesosternum. 

Body. Macropterous. Collar four small areolae 
wide. Pronotum convex, large; single, median 
carinae consisting of one row of areolae. Paranota 
large, consisting of two rows of large areolae and 
encompassing most of the length of the collar 
and all of pronotum (Figure 1). Posterior margin 
of paranota recurved. Forewings (or hemelytra) 
slightly wider than pronotum. Lateral margins 
slightly convex, constricted at end of abdomen, 
and expanding again on posterior third (Figure 3). 
Posterior margin angulate. Costal and subcostal 
regions each consisting of one row of rectangular 
areolae, with those of the costal region very large. 
Hind wings narrow and relatively short, reaching 
end of abdomen, half the length of fore wings. 

Nymphs. All instars white, with antennae and 
legs yellow and tarsi black. Additionally, 5 th instar 
with 4 th antennal segment, head, tips of abdominal 
tubercles (or spines), and posterior half of wing 
pads black (Figure 8). Head armed with five long 
tubercles; an occipital pair, a median unpaired 
and a posterior pair. Fourth antennal segment of 
5 th instar slightly pilose, with sparse short hairs 
(Figure 8). Pronotum, mesonotum, metanotum, and 
tergite I of 1 st and 2 nd instars with one long simple 
tubercle on posterior lateral margin, and central 
pair of dorsal tubercles (Figure 7). Pronotum of 
remaining instars slightly produced posteriorly 


over abdomen, with three long tubercles plus one 
short tubercle on lateral margins, and two central 
pairs of dorsal tubercles (Figure 8). Wing pads 
apparent in 3rd, 4th and 5th instars. Mesonotum, 
metanotum, and tergite I of 2nd, 3rd, 4th and 5th 
instars with one long simple tubercle on posterior 
lateral margin and pair of long medium tubercles 
(Figure 8). Abdominal tergites of all instars with 
single long tubercle on posterior lateral margins. 
Tergites I, IV, V, VI, and VII with long central 
tubercle. 

Etymology 

This species is named in honour of Charles 
Darwin for his ground-breaking theories on 
evolution (e.g. Darwin 1859). 

Common name 

Darwin's lacebug. 

Radinacantha dondiorum sp. nov. 

Figures 2,4 and 7 

Material examined 

Holotype 

Australia: New South Wales: $, Bulls Ground 
State Forest, 31°20'20"S, 152°23'20"E, ex Podolobium 
ilicifolium, beat, November 2005, M.L. Moir (ASCU 
ASCT00024954). 

Paratypes 

Australia: New South Wales : 2 || collected with 
holotype (ASCU ASCT00024955, MLM 00701). 

Diagnosis 

Radinacantha dondiorum could be confused with 
either R. reticulata or R. tasmanica, but differs from 
both species by the double row of areolae on the 
anterior half of the costal region, whereas a single 
row of areolae is present for the entire length in the 
other species (see Figures 4-6). 

Description 

Body measurements. S 5.60 mm (n = 1), $ 5.65 ± 
0.07 mm (n = 2). 

Colour. Head, eyes, collar at calli region, body, 
genital capsule, pronotum, 4 th antennal segment, 
and tarsi black. Remaining leg and antennal 
segments golden brown. Cephalic spines and 
reticulated veins of forewings also golden brown. 
Anterior half of collar white. 

Head and antennae. Head with five long, cephalic 
spines, extending to anterior margin of 1st antennal 
segment (Figure 2). Antennophore short and 
rounded. Antennae slender, antennal segments 
measurements: I, 0.10 mm; II, 0.09 mm; III, 1.40 
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Figure 9 Map of Australia with collection localities of Australian Radinacantha species. Symbols represent the follow¬ 
ing: diamonds - R. darwini; star - R. dondiorum; circles - R. reticulata; and crosses - R. tasmanica. Empty symbols 
with a question mark represent state records presented by Cassis and Gross (1995) without specific localities 
provided. 


mm; IV, 0.35 mm. Fourth antennal segment pilose. 
Rostrum extending to mesosternum. 

Body. Macropterous. Collar four small areolae 
wide. Pronotum convex, single median carinae 
consisting of one row of areolae. Paranota very 
small, consisting of one row of small areolae, 
extending from second row of areolae on collar to 
posterior margin of calli (Figure 2). Forewings (or 
hemelytra) two times wider than pronotum. Lateral 
margins almost straight, slightly convex. Costal 
region consisting of double row of trapezoid and 
pentagonal areolae on anterior half, and one row 
of large, square areolae on posterior half (Figure 
4). Subcostal region consisting of one row of 
square areolae. Hind wings narrow and relatively 
short, reaching end of abdomen, half the length of 
fore wings. 

Nymphs. Nymphs unknown. 


Etymology 

This species is named in honour of my parents, 
Donald and Dianne Moir, who have encouraged my 
love of animals from a young age. 

Common name 

Don and Di's lacebug. 

DISCUSSION 

A survey of the recolonisation of Hemiptera into 
restored bauxite mines (see Moir et al. 2005b) led 
to the discovery of R. darwini in jarrah (Eucalyptus 
marginata Sm.) forest at Jarrahdale (ca. 40 km 
south of Perth). Subsequent work has discovered 
R. darwini approximately 300 km further south 
in heathland and Eucalyptus forest of the Stirling 
Range National Park. Further specimens in other 
collections extend the distribution to as far south 
as Albany and west to Nannup (Figure 9). I have 
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unsuccessfully searched for this species in other 
possible locations east of current records, including 
along the south coast, the Wheatbelt and Goldfields 
regions of Western Australia. Thus, it appears that 
R. darwini is restricted to western regions with 
rainfall exceeding 400 mm/per annum. The two 
studies at Jarrahdale and the Stirling Ranges has 
revealed that adults of R. darwini tend to be present 
from October through to February, and nymphs are 
most abundant in August through to November. 

Radinacantha dondiorum prefers a region with even 
higher rainfall, having only been found inland from 
Port Macquarie, in coastal blackbutt ( Eucalyptus 
pilularis Sm.) forests (1288 mm/per annum). 
The recorded host species Podolobium ilicifolium 
(Andrews) has a wide distribution along the East 
coast of Australia, including northeastern Victoria 
and southeastern Queensland (CHAH 1995-2002); 
therefore, it is possible that further range extensions 
will occur with additional sampling, or may be 
discovered in other entomological collections. 

All species of Radinacantha may be restricted to 
Fabaceae, particularly within the tribe Mirbelieae. 
In addition to R. dondiorum feeding on P. ilicifolium 
(Mirbelieae: Fabaceae), I have found R. tasmanica 
feeding on Pultenaea glabra Benth. and P. stipularis 
Sm. (Mirbelieae: Fabaceae) in New South Wales. 
Radinacantha reticulata has been found commonly 
on Daviesia villifera Cunn. (Mirbelieae: Fabaceae) 
in Queensland, plus Templetonia retusa (Vent.) 
(Brongniartieae: Fabaceae) in Western Australia 
(Moir unpubl. data). Radinacantha darwini feeds, 
and completes its life-cycle, on Mirbelia dilatata, 
Gastrolobium leakeana, G. bilobum, G. tetragonophyllum 
and G. crenulatum (Mirbelieae: Fabaceae) (Moir 
unpubl. data). Such close phylogenetic links 
between insect herbivores and their host plants 
is not surprising; however, these are the first 
published records of any host associations for the 
genus Radinacantha. 
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Abstract - Swolnpes, a new genus in the mygalomorph spider family 
Nemesiidae, is described from the Great Victoria Desert and the Morgan 
Ranges in south-eastern Western Australia. Swolnpes includes two new species, 
S. darwini (type species) and S. morganensis, both of which are currently known 
from males only. Based on the configuration of the male pedipalp the genus is 
tentatively placed into the tribe Anamini Simon 1889, although some somatic 
characters, such as the lack of a tibial spur and the lack or low number of 
maxillary cuspules which are restricted to a narrow band, are reminiscent of 
the genus Teyl Main 1975 (tribe Teylini Main 1985). 


INTRODUCTION 

The mygalomorph spider family Nemesiidae 
Simon 1892 currently includes twelve genera in 
Australia of which eight are reported from Western 
Australia: Aname L. Koch, 1873, Chenistonia Hogg, 
1901, Kwonkan Main, 1983, Merredinia Main, 1983, 
Pseudoteyl Main, 1985, Stanwellia Rainbow & 
Pulleine, 1918, Teyl Main, 1975, and Yilgarnia Main, 
1986. The taxonomy of the family in Australia 
was reviewed over 20 years ago (Raven 1981, 1985) 
and for an identification of some of the Western 
Australian genera established since then, original 
descriptions have to be consulted: Main (1985) 
for Pseudoteyl and Main (1986) for Yilgarnia. The 
taxonomy of some genera, for example Chenistonia , 
remains disputed (BYM unpublished data, but 
see Raven (2000)), and the generic limits between 
Kwonkan and Yilgarnia are unclear as spiders have 
been found that show the synapomorphies of both 
genera (e.g. Main et al. 2000). Much needs to be 
learnt about the Australian Nemesiidae, which is 
not surprise taking into account the unresolved 
limitations of the family (e.g., Goloboff 1995; Hedin 
and Bond 2006). 

In recent years. Environmental Impact 
Assessment (EIA) surveys for proposed mining 
projects have resulted in unprecedented collections 
of terrestrial invertebrates in Western Australia. 
Of particular interest are those taxonomic 
groups that are potentially threatened by habitat 
destruction due to their restricted distribution. 


These include, amongst others, snails, millipedes 
and mygalomorph (trapdoor) spiders (Harvey 
2002; Environmental Protection Authority 2009). A 
number of male mygalomorph specimens that were 
collected during a survey for short-range endemic 
fauna in an area of the Great Victoria Desert in 
Western Australia (designated as "Tropicana" 
mining lease) by Ecologia Environment, Perth, 
could not be attributed to one of the named 
genera. Several similar specimens in the Western 
Australian Museum collections were already 
known from the Morgan Ranges collected during 
a joint expedition by the Western Australian and 
South Australian Museums and the Department of 
Environment and Conservation, Western Australia 
(DEC) in 2006. Although readily assignable to the 
Nemesiidae and with some features shared by 
certain Aname species and others by the genus Teyl, 
the specimens exhibit distinctive morphological 
characters not known in any of the named genera. 
Although no female specimens of the new species 
are currently known, the unusual morphological 
characters of males in combination with the 
putatively high conservation value (of the species) 
justify establishing a new genus for the species 
described herein. The new genus shares some 
morphological features with an undescribed 
species known from the Carnarvon Basin survey 
and cited as attributable to a new genus (Main et al. 
2000). It is not surprising, that previously unknown 
genera of mygalomorph spiders are still being 
found in Western Australia as many remote and 
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varied habitats have not been intensively surveyed. 

This study describes two species in a new genus 
of nemesiid spiders to commemorate the 200 th 
anniversary of Charles Darwin's birth in 1809 
and the 150 th anniversary of the publication of his 
The Origin of Species by Means of Natural Selection 
(Darwin 1859). 

METHODS 

Specimens of Swolnpes darwini sp. nov. were 
collected from wet pitfall traps containing a 
mixture of formaldehyde and alcohol and stored in 
75% ethyl alcohol. This collecting medium rendered 
the specimens very stiff, making examination for 
taxonomic work difficult. Specimens of Swolnpes 
morganensis sp. nov. were collected in dry pitfall 
traps and immediately transferred into 75% ethyl 
alcohol. Specimens were examined with Zeiss 
Citoval and Leica MZ6 dissecting microscopes and 
measurements made using an eyepiece micrometer. 
Measurements are in millimetres. Drawings were 
made on tracing paper overlaid on millimetre/ 
centimetre graph paper while viewing a specimen 
with a squared graticule in the microscope 
eyepiece. Photographs were taken in different focal 
planes (ca. 20-30 images) with a Leica DFC500 
digital camera that was attached to a Leica MZ16A 
stereo microscope and combined with the Leica 
Application Suite version 2.5.0R1. 

The "leg formula" is here given as the leg length 
divided by the carapace length. The "tibial index" 
is defined as: (dorsal proximal width of patella/ 
length of tibia + patella) x 100. It is a measurement 
for the 'stoutness' of the legs (Petrunkevitch 1942). 
Total length is measured dorsally including the 
chelicerae, but excluding the spinnerets. 

Specimens are lodged in the Western Australian 
Museum, Perth (WAM) and the Queensland 
Museum, Brisbane (QM) (some remain temporarily 
in the Barbara York Main collection, housed in the 
School of Animal Biology, University of Western 
Australia (BYM)). 

SYSTEMATICS 

Family Nemesiidae Simon, 1892 
Tribe Anamini Simon, 1889 
Swolnpes gen. nov. 

Type species 

Swolnpes darwini sp. nov. 

Diagnosis 

Swolnpes males differ from all other genera within 
the Nemesiidae by the synapomorphy of an inflated 


tarsus of the first leg that carries a ventral pad of 
short, stubby, spine-like bristles forming a brush 
instead of a scopula of fimbriated setae (Figures IE, 
3C, D, 4D, E). Females are currently unknown. 

Description 

Males 

Small nemesiid spiders (total length 6.1-8.6, 
carapace length 2.4-3.3, carapace width 2.3-2.8). 
Uniformly yellow-brownish with somewhat 
darker cephalic area; abdomen with (S. darwini) 
or without (S. morganensis ) darker dorsal pattern. 
Eye group 2.5-2.9 times wider than long. Sternal 
sigillae broad, transverse but barely perceptible 
(Figure IB). Labium wider than long, slightly 
indented anteriorly. Maxillae without or only few 
(less than ca. 20) pin-like cuspules, not extending to 
heel. Abdomen longer than wide. Four spinnerets, 
terminal segment of posterior lateral spinnerets 
digitiform. 

Tarsi and metatarsi of leg I inflated, tarsus 
ventrally with a uniform pad or brush of dense, 
fine but stubby spine-like bristles in place of a 
typical scopula. Paired tarsal claws of leg I (II-IV) 
with two rows of 10-15 (5-10) teeth each, third 
tarsal claw reduced and very small. Tibia I without 
spur or megaspine. Metatarsi I with 1-3 prolateral 
and 4-10 ventral spines (3 in a cluster apically); 
tibia I with 2-3 prolateral, 0-2 retrolateral and 6-8 
ventral spines (mainly in apical half); patella with 
0 (S. darwini) or 2 (S. morganensis) prolateral spines; 
femora with 4-8 dorsal and 0-2 prolateral spines. 

Tarsi, metatarsi and tibiae with 5-15 dorsal 
trichobothria (sometimes in loose pairs); tarsal 
trichobothria apically longer, metatarsal and tarsal 
trichobothria of equal length along segment. 
Metatarsus apico-dorsally with pronounced 
condyle (e.g. Figure 3D). 

Pedipalp tarsus short and terminally blunt (as 
in Aname); palpal bulb elongate, embolus tapering; 
pedipalp tibia with slight apico-ventral depression 
(accommodates bulb and embolus) (Figures 1C, 3F, 
5B). 

Females 

Unknown. 

Etymology 

The generic name combines swoln with the Latin 
word pes (foot) in reference to the swollen tarsi and 
metatarsi of the first legs. The gender is masculine. 

Remarks 

Spiders resemble certain Aname, Kwonkan and 
Yilgarnia in the configuration of the pedipalp, such 
as a short tarsus, an elongated bulb and basally 
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broad and tapering embolus and are therefore 
considered members of the tribe Anamini Simon, 
1889. However, they differ from above genera in 
the absence of a tibial spur on the first leg and 
having few maxillary cuspules, which are restricted 
to a narrow band, similar to Teyl in the Teylini 
Main, 1985 (but see Hedin and Bond (2006) for an 
assessment of the monophyly of both tribes). 

Distribution 

Swolnpes is found in south-eastern Western 
Australia (Figure 6). 

Swolnpes darwini sp. nov. 

Figures 1-3, 6 

Material examined 


Holotype 

Australia: Western Australia: S, Great Victoria 
Desert, "Tropicana" mining lease, AngloGold 
Ashanti, 450 km NE of Kalgoorlie, Ecologia 
Environment Site 46, 29°15'03.024"S 124 0 35'34.548"E, 
wet pitfall trap, 1 August-1 September 2008, 
AngloGold Ashanti staff, 716-263b, BYM 2008/354 
(WAM T97486). 

Paratypes 

Australia: Western Australia: 2 S, data as for 
holotype, except BYM2008/355-6 (WAM T97487); 
2 S, same data, except Site 44, 29°15'26.244"S 
124°35 , 51.108"E, June-July 2008, 716-164, BYM 
2008/51-2 (WAM T97003-4). 

Other material examined 




Figure 1 Swolnpes darwini sp. nov., male holotype (WAM T97486, from the Great Victoria Desert, Western Australia): 

(A) habitus, dorsal view; (B) sternum and left maxilla, ventral view; (C) right male pedipalp, retrolateral 
view; (D) right male leg I, retrolateral view; (E) right male leg I tarsus and metatarsus, ventral view; (F) right 
male leg II tarsus and metatarsus, ventral view. Scale bars: 1 mm. 
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Figure 2 Swolnpes darwini sp. nov.: A-C, male paratype (WAM T97003, from the Great Victoria Desert, Western Aus¬ 
tralia): habitus, dorsal (A) and ventral (B) view; eye region, dorsal view (C). D, male paratype (WAM T97004, 
from the Great Victoria Desert, Western Australia), labium, maxillae and chelicerae, ventral view. Scale bars: 
A, B, 3 mm; C, D, 1 mm. 



Australia: Western Australia: 1 S, Great Victoria 
Desert, "Tropicana" mining lease, AngloGold 
Ashanti, 450 km NE Kalgoorlie, Ecologia 
Environment Site 33, 29°08 , 02 ,, S 124°37'28"E, 
wet pitfall trap, 30 June-29 July 2008, AngloGold 
Ashanti staff, 716-192, BYM 2008/205 (WAM 
T97489); 1 $, same data, except site 28, 29°16 , 14.12"S 
124°35 , 40.63 ,, E, June-July 2008, 716-182, BYM 
2008/53 (WAM T97490); 2 S, same data, except site 
45, 29°15 , 19"S 124°35 , 43"E, 1 August-1 September 
2008, EE716-309b, BYM 2008/369-70 (WAM 
T97491); 1 S, same data, except site 28, 29°16 , 14 ,, S 
124°35 , 40"E, EE716-297b, BYM 2008/364 (WAM 
T97490); 1 S, same data, except site 23, 29°17'20.29"S 
124°43 , 15.49"E, April-May 2008, 716-071, BYM 


2008/46 (WAM T97493); 2 S, same data, except site 
32, 29°16 , 55"S 124°35 , 55"E, 1 August-1 September 
2008, EE716-312b, BYM 2008/371-2 (WAM T97494); 1 
S, same data, except site 46, 29°15'03"S 124°35'34"E, 
30 June-29 July 2008, 716-209b, BYM 2008/210 
(WAM T97495); 1 S, same data, except site 37, 
29°09 , 48.46"S 124°38 , 59.75"E, June-July 2008, 716- 
061, BYM 2008/39-40 (WAM T97496); 3 $ r same 
data, except site 44, 29°15 , 26"S 124°35 , 51"E, 1 
August-1 September 2008, EE716-301b, BYM 
2008/365-7 (WAM T97497); 7 $, same data, 
except site 29, 29°16 , 27"S 124°35'46"E, 1 August-1 
September 2008, EE716-331b, BYM 2008/344-50 
(WAM T97498); 10 $, same data, except site 33, 
29°16 , 14"S 124°35 , 40"E, 1 August-1 September 2008, 
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Figure 3 Swolnpes darwini sp. nov.: A-D, male paratype (WAM T97004), from Great Victoria Desert, Western Australia): 

right leg I, retrolateral (A) and prolateral (B) view; right leg I: tarsus, ventral (C) and prolateral (D) view. E-G, 
male paratype (WAM T97003), from the Great Victoria Desert, Western Australia), left pedipalp, prolateral 
(E), ventral (F) and retrolateral (G) view. Scale bars: 1 mm. 
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Figure 4 Swolnpes morganensis sp. nov.: A-B, male holotype (WAM T97333), from Morgan Ranges, Western Australia): 

habitus, dorsal (A) and ventral (B) view. C-G, male paratype (WAM T97348), from Morgan Ranges, Western 
Australia): (C) labium, maxillae and chelicerae, ventral view; left leg I, tarsus and metatarsus: ventral (D) and 
retrolateral (E) view; left leg I: prolateral (F) and retrolateral (G) view. Scale bars: A, B, 3 mm; C-G, 1 mm. 
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EE716-299b, BYM 2008/334-43 (WAM T97499); 2 
S same data except site 30, 29°16'33"S 124°35 , 51"E, 
EE716- 316b, BYM 2008/352, 353 (WAM T97500); 2 
S, same data, except site 44, 29°15'26"S 124°35 , 51"E, 
30 June-29 July 2008, 716-212b, BYM 2008/213 & 
213A (WAM T97501); 1 4 same data, except site 
37, 29°16 , 14"S 124°35 , 40"E, 30 June-29 July 2008, 
716-216b, BYM 2008/216 (WAM T97502); 1 4 same 
data, except site 35, 29°09'21.99"S 124°38 , 08.59 ,, E, 
July 2008, EE716-120 (WAM T97503) ; 1 4 same 
data, except site 28, 29°16'14"S 124°35 , 40 ,, E, July 2008, 
EE716-181 (WAM T97504); 3 4 same data, except 
site 46, 29°15 , 03.024"S 124°35 , 34.548"E, June-July 
2008, EE716-153, BYM2008/47-49 (QM S88080). 

Diagnosis 

Swolnpes darwini males differ from those of S. 
morganensis by their relatively shorter and less 
inflated tarsi and metatarsi of leg I (Figures 3A-D 
vs Figures 4D-G), dark pattern on the abdomen 
(uniformly yellow-brown in S. morganensis ) (Figures 
1 A, 2A vs Figure 4A) and a basally straight embolus 
that is terminally pointed (embolus basally curved 
and less pointed in S. morganensis ) (Figures 3E-G 
vs Figures 5A-C). Females of neither species are 
currently known. 

Description 

Male (based on holotype) 

Colour: generally tan/yellow, ocular area black, 
abdomen with dorsal dark brown pattern (Figure 
1A; see also paratype Figure 2A). 

Carapace: length 3.0, width 2.7 (total length 
7.6). Eye group 0.7 wide, 0.3 long. Fovea slightly 
procurved. 

Sternum plus labium: length 2.0. 

Maxillae: with few (less than 20) pin-like cuspules, 
not extending to heel (Figure IB; see also paratype 
Figure 2D). 

Legs (Figures 1D-F; see also paratype Figure 3A- 
D): Metatarsus I with three fine dorsal apical spines 
and five ventral spines and several heavy bristles. 
Tibia I retrolaterally with four delicate spines on 
retro-ventral edge. Numerous spines on all faces of 
tibia and metatarsi of legs III and IV, tarsi elongate 
with dense, fine spine-like bristles (longer but not 
compact as in pad on tarsus I). 

Leg measurements: length of legs T=TT=TTT<TV; Feg I: 
femur 3.3, patella 1.5, tibia 2.6, metatarsus 2.5, tarsus 
2.0, Total = 11.9. Dorsal proximal width of patella I 
= 0.4, tibial index = 9.2, leg I formula = 3.1. Feg IV: 
femur 3.5, patella 1.1, tibia 3.7, metatarsus 3.9, tarsus 
2.4. Total = 14.6. Dorsal proximal width of patella IV 
= 0.4, tibial index = 8.7; leg IV formula = 4.0. 

Pedipalp: length of femur 1.9, patella 1.0, tibia 1.4, 
tarsus (dorsal) 0.7; embolus basally straight with 


acute tip (as in paratype. Figures 3E-G). 

Abdomen: length 3.5, width 2.3. 

Variation: total length 6.1-7.5, carapace length 
2.4-3.1, carapace width 2.3-3.0 (n = 10). Maxillary 
cuspules absent in some specimens. 

Female 

Currently unknown. 

Etymology 

The specific epithet is a patronym in honour of 
Charles Darwin (1809-1882), whose insights and 
theories regarding evolution and biodiversity have 
served as a lasting inspiration to biologists. 

Distribution and habitat 

Swolnpes darwini is currently only known from 
the "Tropicana" mining lease in the Great Victoria 
Desert, Western Australia (Figure 6). The species 
must currently be considered a short-range endemic 
after Harvey (2002). 

All sites comprised sandy or sandy loam or sandy 
clay soil with vegetation ranging from mallee, 
mulga or other acacias, and with some Callitris ; all 
except sites 32, 33 and 37 had Triodia present. 

Swolnpes morganensis sp. nov. 

Figures 4-6 

Material examined 

Holotype 

Australia: Western Australia: 4 Morgan Range, 
25°53 , 30.4"S 128°25 , 37.9"E, 28 September-3 October 
2006, dry pitfall trap, site 25, K.E.C. Brennan, J.M. 
Waldock (WAM T79333). 

Paratypes 

Australia: Western Australia: 2 4 as for 
holotype (WAM T97348-9). 

Diagnosis 

Swolnpes morganensis males differ from those of S. 
darwini by the more inflated tarsi and metatarsi of 
the first leg, the uniform yellow-brown colouration 
of the abdomen (dark pattern in S. darwini ) and 
the basally curved embolus (straight in S. darwini) 
that also has a less pointed tip. The female of this 
species is currently unknown. 

Description 

Male (based on holotype) 

Colour: generally yellowish-brown, cephalic area 
somewhat darker, ocular area black, abdomen 
uniformly yellowish-brown (Figures 4A,B). 
Carapace: length 2.9, width 2.5 (total length 
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Figure 5 Swolnpes morganensis gen. nov. and sp. nov.: A-C - male paratype (WAM T97348), from Morgan Ranges, West¬ 
ern Australia): left pedipalp, prolateral (A), ventral (B) and retrolateral (C) view. 


7.2). Eye group 0.7 wide, 0.25 long. Fovea slightly 
procurved. 

Sternum plus labium: length 2.0. 

Maxillae: without cuspules (as in paratype. Figure 
4C). 

Legs (as in paratype. Figures 4D-G): Metatarsus 
I with 2 (left leg 1) prolateral spines and 3 ventral 
spines in apical half. Tibia I with 2 prolateral and 2 
retrolateral (left leg 1) spines and ventrally with 6 
(left leg 7) spines. Numerous spines on all faces of 
tibia and metatarsi of legs III and IV, tarsi elongate 
with dense, fine spine-like bristles (longer but not 
compact as in pad on tarsus I). 

Leg measurements: length of legs IV>I>II>III; Feg 
I: femur 3.0, patella 1.3, tibia 2.3, metatarsus 1.8, 
Tarsus 1.5, Total = 9.9. Dorsal proximal width of 
patella I = 0.5, tibial index = 12.9; leg I formula = 3.4. 
Feg IV: femur 3.3, patella 1.3, tibia 2.7, metatarsus 
2.9, tarsus 2.0. Total = 12.2. Dorsal proximal width 
of patella IV = 0.5, tibial index = 12.6; leg IV formula 
= 1.7. 

Pedipalp: length of femur 1.4, patella 0.9, tibia 1.2, 
tarsus (dorsal) 0.6; embolus basally straight with 
acute tip (as in paratype. Figures 5A-C). 

Abdomen: length 3.3, width 1.9. 

Variation: total length 6.1-7.5, carapace length 
2.4-3.1, carapace width 2.3-3.0 (ft = 10). Maxillary 
cuspules absent in some specimens. 


Variation: The two paratype males are of 
similar size as the holotype (WAM T97348: total 
length 8.5, carapace length 3.0, carapace width 2.6; 
WAM T97349: total length 7.2, carapace length 2.7, 
carapace width 2.6). 

Female 

Currently unknown. 

Etymology 

The specific name refers to the type locality, the 
Morgan Ranges in eastern Western Australia. 

Distribution 

Swolnpes morganensis is currently only known 
from the type locality, the Morgan Ranges in 
eastern Western Australia (Figure 6). The species 
must currently be considered a short-range endemic 
after Harvey (2002). 
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Abstract - The first Australian species of the goblin spider genus Ischnothyreus 
Simon, is described from the Northern Territory, Australia: Ischnothyreus 
darwini sp. nov. This species is recorded from several different localities within 
monsoonal forest habitats. 


INTRODUCTION 

Spiders belonging to the family Oonopidae, 
commonly known as goblin spiders or dwarf 
hunting spiders, are incredibly diverse, are known 
to occur on almost all continents, and have the 
ability to live in a variety of habitats. They may be 
found in leaf litter, decaying substratum, under 
bark and stones, in foliage, and among lower 
vegetation (Saaristo 2001). Although worldwide in 
distribution, much of the species diversity can be 
seen in the tropical areas of the world (Murphy and 
Murphy 2000). 

Particularly abundant throughout the world's 
tropics and subtropics are species belonging to 
the genus Ischnothyreus Simon, 1891. Currently 
only 23 species are described to date (Platnick 
2009), including species from Asia and islands 
in the Indian and Pacific Oceans (Saaristo and 
Harten 2002; Saaristo 2001; Murphy and Murphy 
2000; Tong and Li 2008; Simon 1893; Marples 
1955; Oi 1958), and the Caribbean region of the 
New World (Chickering 1968). The Australian 
fauna has been largely neglected and at present 
no species of Ischnothyreus have been described 
despite large collections present in Australian 
museums. Ischnothyreus , like other goblin spiders, 
are haplogyne, usually have six eyes, are considered 
to be small, free living, nocturnal ground hunters 
that do not build webs, and generally move using 
short jerky motions (Ubick 2005; Jocque and 
Dippenaar-Schoeman 2006). Species of this genus 
are more or less scutate and can be characterised by 
an almost circular eye pattern, heavily sclerotised, 
tiny male palps with well-separated cymbium 
and bulbus, and long, stout spines on the first and 
second legs (Chickering 1968; Saaristo 2001). 

During a collecting trip to the Northern Territory, 


Australia, several undescribed oonopid species 
were collected from monsoonal rainforest patches 
associated with natural springs, creek lines and 
sandstone outcrops. One of these species belongs 
to the genus Ischnothyreus and is here described 
formally as Ischnothyreus darwini in honour of 
Charles Darwin in commemoration of the 150 th 
anniversary of his famous publication On the 
Origin of Species , and the 200 th anniversary of his 
birth in 1809. Ischnothyreus darwini represents the 
first species of Ischnothyreus to be described from 
Australia and forms part of a large-scale revision of 
the genus associated with a Plantetary Biodiversity 
Inventory Project that aims to document the 
worldwide diversity of the spider family Oonopidae 
(http://research.amnh.org/oonopidae). 

MATERIALS AND METHODS 

The majority of specimens were collected during 
an expedition to the Northern Territory to collect 
oonopid spiders specimens were most collected 
by hand using a soil sieve (5 mm grid size) and 
collecting tray to sieve moist rainforest leaf litter. 
Other museum specimens available were collected 
using berlese funnels in the late 1970s. 

Specimens examined in this study are lodged in 
the Northern Territory Museum, Darwin (NTM), 
the Queensland Museum, Brisbane (QM) and the 
Western Australian Museum, Perth (WAM). Whole 
specimens were examined using Leica MZ16A 
and Olympus SZX7 binocular microscopes. Digital 
images were composed from multiple images 
taken with a Leica DFC 500 digital camera attached 
to the Leica MZ16A using the software program 
AutoMontage Pro version 5.02 (p). Temporary slide 
mounts were made by placing specimens in a 20% 
lactic acid/glycerol solution or clove oil at room 
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temperature for at least 24 hours and mounting 
them on microscope slides with 10 mm cover 
slips supported by small sections of 0.25 mm or 
0.5 mm diameter nylon fishing line. Preparations 
were examined with an Olympus BX41 compound 
microscope and illustrated with the use of a 
drawing tube. After study specimens were 
returned to 75% ethanol and dissected parts placed 
in 12 x 3 mm glass genitalia micovials (BioQuip 
Products, Inc.). 

Measurements were taken at the highest possible 
magnification using an ocular graticule, and are 
in millimetres (mm). Leg spines were documented 
by dividing each leg segment into four aspects: 
prolateral (p), retrolateral (r), ventral (v) and dorsal 
(d) and dividing each aspect into basal, middle, and 
distal sections separated by a dash: (eg. pl-1-0). 
The species description of the legs includes only 
segments and positions where spines were present. 
Colour was described from freshly collected 
specimens preserved in 75% ethanol. Descriptions 
were generated with the aid of the PBI descriptive 
Goblin Spider database and modified where 
appropriate (http://research.amnh.org/oonopidae). 

The following abbreviations were used in 
the manuscript: ALE, anterior lateral eyes; PLE, 
posterior lateral eyes; PME, posterior median eyes. 

SYSTEMATICS 

Family Oonopidae Simon, 1890 
Genus Ischnothyreus Simon, 1891 

Ischnaspis Simon, 1891: 562 (preoccupied by 

Ischnaspis Douglas, 1887; Hemiptera). 

Ischnothyreus Simon, 1893: 298 (replacement name 

for Ischnaspis ) 

Type species 

Ischnaspis peltifer Simon, 1891, by original 
designation. 

Diagnosis 

Ischnothryeus are small to medium sized (1.4-3.5) 
scutate oonopids. Ischnothyreus species differ from 
all other oonopid genera by a combination of the 
following characters (Chickering 1968; Saaristo 
2001; Saaristo and Harten 2002): legs I and II with 
strong spines on femora, tibiae, and metatarsi. 
Eyes relatively large, mostly touching each other, 
forming a ring. Male palps heavily sclerotised with 
clearly separated cymbium and bulb. Bulb usually 
elongated and gradually tapering to an obtusely 
bent, relatively stout embolic part. Female genitalia 
with a median convoluted duct starting from the 


epigastric furrow, winding posteriorly to end in a 
funnel-like atrium. The body and appendages of 
Ischnothyreus species are only moderately chitinized 
with the exception of the male palps which are 
usually dark and heavily sclerotised. 

Ischnothyreus darwini sp nov. 

Figures 1-11 

Material examined 

Holotype 

Australia: Northern Territory: Mary River 
National Park, Bryan Creek Monsoon Rainforest 
Patch, 12°39 , 40"S, 131°46 , 55"E, 25 April 2008, in 
rainforest leaf litter under rotting log, K. Edward 
and P. Cullen (NTM A004398, PBI-OON 00005889) 

Paratypes 

Australia: Northern Territory: allotype 
same data as holotype (NTM A004399, PBI- 
OON 00005892); 2 cj, 1 ?, 1 juvenile, same data as 
holotype (NTM A004400, PBI-OON 0000 5968); 1 & 

1 same data as holotype (WAM T85191, PBI-OON 

00025692 & 00025693); 1 & 1 $, 4 juveniles, Howard 
Springs Nature Park, forest walk trail, 12°27 , 27 ,, S, 
131°03'07"E, 9 May 2008, lowland monsoon vine- 
forest, leaf litter at edge of spring fed pool, K. 
Edward and P. Cullen (NTM A004401, PBI-OON 
00005969); 1 1 Howard Springs Nature Park, 

forest walk trail, 12°27 , 27"S, 131°03 , 07"E, 9 May 
2008, lowland monsoon vine-forest, leaf litter at 
edge of spring fed pool, K. Edward and P. Cullen 
(WAM T85192, PBI-OON 00025703 & 00025704);1$, 
Litchfield National Park, Wangi Falls, 13°09'10"S, 
130°41 , 04"E, 7 May 2008; leaf litter next to spring 
fed waterfall below Carpentaria palms and ferns, 
K. Edward and P. Cullen (NTM A004402, PBI-OON 
00025702); 1 S, 3 $, 2 juveniles, Umbrawarra Gorge 
Nature Park, gorge walk, 13°57'58"S, 131°41'38"E, 
3 May 2008, spring fed Melaleuca creek line, moist 
humus and leaf litter, K. Edward and P. Cullen 
(NTM A004403, PBI-OON 00025699 & 00025700); 

2 5, Kakadu National Park, South Alligator River 

area, Gu-ngarre monsoon forest walk, 12°40 , 40 ,, S, 
132°28 , 56 ,, E, 24 April 2008, rainforest leaf litter, 
K. Edward and P. Cullen (NTM A004404, PBI- 
OON 00005970); 1 g, Kakadu National Park, 
South Alligator River area, Gu-ngarre monsoon 
forest walk, 12°40 , 40"S, 132°28 , 56"E, 24 April 2008, 
rainforest leaf litter, K. Edward and P. Cullen (NTM 
A004405, PBI-OON 00025691); 3 1 $, 5 juveniles. 

Kakadu National Park, Mary River Area, Boulder 
Creek Walk, 13°31 , 31"S, 132°27 , 14"E, 1 May 2008, 
small monsoonal rainforest patch down spring fed 
gully, moist humus and leaf litter, K. Edward and 
P. Cullen (NTM A004406, PBI-OON 00005971); 1 
S, 1 $, Kakadu National Park, Mary River Area, 
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Figures 1-4 Ischnothyreus darwini, sp. nov., holotype male and allotype female from Mary River National Park, Northern 
Territory: 1, male habitus, dorsal view; 2, female habitus, dorsal view; 3, male habitus, ventral view; 4, female 
habitus, ventral view. 


Boulder Creek Walk, 13°31 , 31"S, 132°27'14"E, 1 
May 2008, small monsoonal rainforest patch down 
spring fed gully, moist humus and leaf litter, K. 
Edward and P. Cullen (WAM T85193, PBI-OON 
00025695 & 00025696); 2 & 3 % 1 juvenile. Kakadu 
National Park, Mary River Area, natural spring 
between Kambolgie and Yirimikmik, 13°30 , 31"S, 
132°25 , 31"E, 2 May 2008, spring fed monsoonal 
vegetation along moist gully and flowing creek, 
thick leaf litter and peaty humus, K. Edward and 
P Cullen (NTM A004407, PBI-OON 00025697 & 


00025698). 

Other material examined 

Australia: Northern Territory: 1 S, South 
Alligator Inn, 12°40 , S, 132°30 , E, 1 November 1979, 
rainforest, under logs, R. Raven (QM S16128; PBI- 
OON 00005885); 1 $, 2 9> South Alligator Inn, 
12°40 , S, 132°30 , E, 10 November 1979, rainforest, 
Berlesate trap, R. Raven (QM S16129; PBI-OON 
00005884); 1 Radon Creek, Mt Brockman, 
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Figures 5-10 Ischnothyreus darwini, sp. nov., male holotype from Mary River National Park, Northern Territory (PBI- 
OON 00005889): 5, left male palp, prolateral view; 6, left male palpal bulb, dorsal view; 7, left male palp, 
retrolateral view; 8, left male chelicerae, anterior view; 9, left male chelicerae, posterior view. Female allo¬ 
type (PBI-OON 00005892): 10, genital area of female, ventral view. Scale lines = 0.1 mm. 


12°45 , S, 132°53 , E, 14 November 1979, dry rainforest, 
Berlesate trap, R. Raven (QM S16120; PBI-OON 
00005992); 1 Radon Creek, Mt Brockman, 
12°45 , S, 132°53 , E, 14 November 1979, wet rainforest, 
Berlesate trap, G.B. Monteith (QM S16117; PBI- 
OON 00005965); 1 S, Radon Creek, Mt Brockman, 
12°45 , S, 132°53 , E, 14 November 1979, dry rainforest, 
Berlesate trap, G.B. Monteith (QM S16098; PBI- 
OON 00005966); 2 juveniles, Kapalga, North Point, 
12°25 , S, 132°22 , E, 11 November 1979, Berlesate trap, 
R. Raven (QM S79316; PBI-OON 00005967). 

Diagnosis 

The male of I. darwini can easily be recognised 
by the unique shape of the embolic region of the 


papal bulb which divides roughly into 2 lobes 
(Figures 5-7). Males do not have a distinct knob 
or modification on the basal part of the fang, but it 
is slightly flattened. The chelicera have a series of 
denticles along the fang groove but are otherwise 
unmodified (Figures 8, 9). The female epigynum 
region has a dark coloured, thin, convoluted duct 
that ends posteriorly in an omega-shaped atrium 
that is darkly sclerotised (Figure 10). 

Description 

Holotype male 

Cephalothorax: carapace olive-green, with light 
brown egg-shaped patches behind eyes, ovoid in 
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dorsal view, pars cephalica strongly elevated in 
lateral view, anteriorly narrowed to between 0.5 
and 0.75 times its maximum width, anterolateral 
corners without extension or projections, surface 
of elevated portion of pars cephalica smooth to 
finely reticulate, sides strongly reticulate, fovea 
absent; non-marginal pars cephalica setae present, 
scattered; non-marginal pars thoracica setae absent; 
marginal setae needle-like. Clypeus straight 
in front view, low, ALE separated from edge of 
carapace by less than their radius. Eyes posterior 
eye row from above very slightly procurved but 
mostly straight, ALE largest, PME ovoid, PLE 
circular; ALE touching, ALE-PLE touching, PLE- 
PME touching. Sternum as long as wide, yellow, 
without radial furrows between coxae I-II, II-III, 
III-IV, posterior margin not extending posteriorly 
of coxae IV, distance between coxae approximately 
equal; setae sparse. Chelicerae, endites and labium 
yellow, directed medially. Chelicerae: base of fang 
flat and straight but without prominent process or 
modification; promargin of chelicerae with small 


tooth-like projections (denticles). Labium elongated 
hexagon, not fused to sternum, anterior margin 
indented at middle. Endites distally not excavated, 
posteromedian part unmodified, same as sternum 
in sclerotization. 

Abdomen : ovoid, rounded posteriorly; dorsum 
soft portions white. Pedicel tube short, scutum 
extending far dorsal of pedicel. Dorsal scutum 
weakly sclerotized, olive-green, covering more 
than 3/4 of abdomen, more than 1/2 to most of 
abdomen width, not fused to epigastric scutum, 
middle surface smooth, sides smooth. Epigastric 
scutum surrounding pedicel, not protruding, small 
lateral sclerites absent. Postepigastric scutum 
yellow, almost rectangular, covering about 2/3 
of abdominal length, fused to epigastric scutum, 
anterior margin unmodified, without posteriorly 
directed lateral apodemes. 

Legs: pale orange; patella plus tibia I near as long 
as carapace; femur IV not thickened, similar size as 
femora I-III; Leg I spines present, longer than leg 
segment width, formula: femur p0-0-2; tibia p2-2- 
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Figure 11 Distribution of Ischnothyreus darwini, sp. nov. (•) in the Northern Territory, Australia. 
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0, v2-2-0; metatarsus pl-1-0, vl-1-0; leg II spines 
present, longer than leg segment width, formula: 
femur p0-0-2; tibia p2-l-l, v2-l-l; metatarsus pl- 
1-0, vl-1-0; legs III - IV spines absent. Trichobothria 
dorsally positioned; leg I-IV with 1 basal, 2 distal 
tricobothria on tibia, 1 distal tricobothria on 
metatarsus. 

Palp: proximal segments dark red-brown; 
embolus dark; trochanter with ventral projection; 
femur shorter than trochanter; patella about as 
long as femur; tibia with 3 medial tricobothrium 
on dorsal surface; cymbium dark red-brown, 
fused with bulb but with clearly defined seam 
between, with distal patch of setae; bulb dark red- 
brown, more than 2 times as long as cymbium, 
stout. Embolic part of palpal bulb divided into two 
distinct processes or lobes, each slightly bifurcated 
with rounded tips. Short, thin sperm duct visible 
beneath chitin starting posterior to obtusely bent 
tip. Duct appears to end at darkly coloured region 
on ventral surface of medial lobe above a small 
transparent triangular pointed structure. 

Genitalia: epigastric region with large rounded 
sperm pore situated at level of anterior spiracles, 
unmodified. 

Allotype female 

As for male except as follows: 

Cephalothorax: carapace without any pattern, 
broadly oval in dorsal view, pars cephalica slightly 
elevated in lateral view, anteriorly narrowed to 
0.49 times its maximum width or less, surface of 
elevated portion of pars cephalica smooth; non¬ 
marginal pars cephalica setae dark; marginal setae 
dark. 

Abdomen: cylindrical, rounded posteriorly; 
dorsum soft portions pale. Pedicel scutum not 
extending far dorsal of pedicel. Dorsal scutum 
covering 1/2 to 3/4 of abdomen, between 1/4 
and 1/2 abdomen width, almost rectangular 
at posterior end. Epigastric scutum without 
lateral joints. Postepigastric scutum pale orange, 
widely hexagonal, covering less than 1/3 of 
abdominal length, not fused to epigastric scutum. 
Dorsum setae serrate. Epigastric area frontal setae 
thickened, serrate. Postepigastric area setae serrate. 
Dense patch of setae anterior to spinnerets present. 

Legs: female palp tarsus unmodified. Leg I spines 
present, longer than leg segment width, formula: 
femur p0-0-2; tibia p2-2-0, r2-2-0; metatarsus 
pl-1-0, rl-1-0; leg II spines present, longer than leg 
segment width, formula: femur p0-0-l; tibia p2— 
1-0, r2-l-0; metatarsus pl-1-0, rl-1-0; t; legs III -IV 
spines absent. Trichobothria dorsally positioned. 

Genitalia: postepigastric scutum widely 
hexagonal. A thin, darkly coloured convoluted 
tube visible through cuticle, originating posterior 


to middle of epigastic furrow and extending to a 
darkly coloured tear-drop shaped process in base 
of omega-shaped atrium or depression. Omega¬ 
shaped depression heavily sclerotised posteriorly. 
Posteriorly directed apodemes present. 

Dimensions (mm) 

Holotype S (allotype £): total length 1.26 (1.34). 
Carapace length 0.66 (0.64), width 0.50 (0.53), height 
0.23 (0.24). Eye group width 0.19 (0.19). Sternum 
length 0.36 (0.38), width 0.34 (0.37). Opisthosoma 
length 0.55 (0.76), width 0.38 (0.49). Pedipalp: femur 
0.06, patella 0.07, tibia 0.09, tarsus 0.2, total 0.42. Leg 
I: femur 0.46/0.14 (0.51/0.16), patella 0.19 (0.23), tibia 
0.38 (0.48), metatarsus 0.30 (0.36), tarsus 0.20 (0.21), 
total 1.53 (1.78). Leg II: femur 0.42/0.13 (0.47/0.15), 
patella 0.19 (0.21), tibia 0.33 (0.40), metatarsus 0.29, 
(0.35), tarsus 0.20 (0.21), total 1.43 (1.64). Leg III: 
femur 0.38/0.11 (0.37/0.12), patella 0.16 (0.21), tibia 
0.24 (0.30), metatarsus 0.27 (0.30), tarsus 0.20 (0.18), 
total 1.24 (1.35). Leg IV: femur 0.54/0.13 (0.60/0.13), 
patella 0.20 (0.27), tibia 0.33 (0.48), metatarsus 0.34 
(0.31), tarsus 0.16 (0.26), total 1.56 (1.92). 

Remarks 

Ischnothyreus darwini is currently only known 
from the north-western region of the Northern 
Territory ranging from Darwin, east to Kakadu 
National Park, and south to Umbrawarra Gorge 
Nature Park (Pigure 11). However, further collecting 
in Arnhemland may uncover new populations 
of this particular species. Ischnothyreus darwini is 
known to occur in areas of monsoonal rainforest, 
associated with vine thickets, sandstone outcrops, 
creek lines and natural springs and was collected 
from moist leaf litter and fallen logs. 

Etymology 

This specific epithet is a patronym in honour 
of Charles Darwin (1809-1882), on the 150 th 
anniversary of his influential publication On the 
Origin of Species, and the 200 th anniversary of his 
birth. 
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Abstract - The southern-temperate spider families Synotaxidae and 
Malkaridae are newly recorded from south-western Western Australia, each 
for a new species from the eastern Stirling Range National Park. The synotaxid 
genus Calcarsynotaxus Wunderlich, previously described from south-eastern 
Queensland, is represented in Western Australia by the new species C. 
benrobertsi. The sternoidine malkarid genus Perissopmeros Butler, previously 
described from south-eastern Australia, is represented in Western Australia by 
the new species P. darwini. Species of Synotaxidae and Malkaridae are rare and 
highly restricted in south-western Australia, known only from refugial, mesic 
habitats in montane areas of the Stirling Range National Park. 


INTRODUCTION 

The south-west of Western Australia is a 
biodiversity hotspot (Myers et al. 2000), with an 
extraordinary diversity of terrestrial animals 
and flowering plants, and high levels of regional 
endemism (Hopper et al. 1996; Hopper and Gioia 
2004). Although most of south-western Western 
Australia is now dominated by xeric, semi-arid 
and transitional rainfall habitats (see Hopper and 
Gioia 2004), coastal and montane areas of the State's 
south and extreme south-west are profoundly 
influenced by Mediterranean winter rainfall and 
fickle Southern Ocean weather patterns, creating 
a mosaic of mesic habitats which are home to 
a distinctive and relictual southern-temperate 
invertebrate fauna. These mesic habitats in south¬ 
western Western Australia are mostly restricted to 
the high-rainfall forested regions of the south coast, 
between Cape Leeuwin and Albany. Here, towering 
forests of Karri and Tingle (Eucalyptus spp.) provide 
refugial habitats very similar to those found in 
south-eastern Australia, and are home to several 
characteristically eastern Australian temperate 
lineages (e.g. Hopper et al. 1996; Main et al. 2002; 
Rix 2008). Beyond the tall eucalypt forests of the 
extreme south-west, truly mesic refugial habitats 
are more spatially isolated, usually restricted to 
coastal or uplifted landforms of higher altitude. 
Among the more obvious of these landforms are 
ancient coastal granitic peaks and the extraordinary 
mountains of the Stirling Range National Park, 


which capture moisture-laden clouds moving 
north from the Southern Ocean, creating wet 
montane heathlands and shaded, mesic gullies on 
southern slopes (Main 1999) (Figures 20-25). These 
small, largely isolated montane habitats are home 
to a remarkable diversity of short-range endemic 
species (Harvey 2002c), including many southern- 
temperate invertebrate taxa. Indeed, the peaks 
and south-facing gullies of the Stirling Ranges are 
renowned for their relictual invertebrate fauna, 
which includes spiders of the families Archaeidae 
and Migidae, along with many other arachnid, 
myriapod and gastropod taxa (see Hopper et al. 
1996; Main 1999; Harvey 2002b, 2002c; Rix 2006; and 
references therein). 

The Synotaxidae and Malkaridae are two families 
of small, entelegyne araneomorph spiders with 
similar, largely southern-temperate distributions: 
Synotaxidae currently includes 14 genera and 70 
species from Australia, New Zealand, Chile and 
the neotropics; Malkaridae currently includes four 
genera and 10 species from Australia and Chile, 
along with many undescribed species from New 
Zealand (Platnick and Forster 1987; Platnick 2009). 
Both groups are most diverse in south-eastern 
Australia and New Zealand, where 11 genera of 
Synotaxidae and three genera of Malkaridae have 
so far been described (Platnick 2009). 

The Australasian Synotaxidae were reviewed 
by Forster et al. (1990), who recognised two 
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southern-temperate subfamilies: the Physogleninae, 
including four genera from Australia, New Zealand 
and Chile; and the Pahorinae, including five genera 
from New Zealand (Forster et al. 1990). Wunderlich 
(1994, 2008) described two additional synotaxid 
genera and three new species from south-eastern 
Queensland: Calcarsynotaxus longipes Wunderlich, 
1994 from the Lamington Plateau, south of 
Brisbane; and most recently Microsynotaxus insolens 
Wunderlich, 2008 and M. calliope Wunderlich, 2008, 
both from Kroombit Tops, north of Brisbane. 

The Australasian Malkaridae remain poorly 
studied, with a single species of Malkara Davies, 
1980 described from south-eastern Queensland 
and two genera of Sternoidinae described from 
south-eastern Australia (Moran 1986; Platnick 
2009). Spiders of the subfamily Sternoidinae are 
distinctive, highly sclerotised arachnids of the 
forest understorey: Perissopmeros Butler, 1932 
includes six species from Victoria and New South 
Wales; Carathea Moran, 1986 includes two species 
from Tasmania (Moran 1986; Platnick 2009); and 
Chilenodes Platnick and Forster, 1987 includes a 
single species from Chile (Platnick and Forster 
1987). 

Recent field work in the eastern Stirling Range 
National Park of southern Western Australia 
(Figures 20-25) has revealed the presence of 
new species of Synotaxidae and Malkaridae, 
significantly extending the known distributions 
of these families in Australia. Calcarsynotaxus 
benrobertsi sp. nov. and Perissopmeros darwini 
sp. nov. are named on the occasion of the 200 th 
anniversary of the birth of Charles Darwin and 
the 150 th anniversary of the publication of On the 
Origin of Species. They represent the first records of 
Synotaxidae and Malkaridae in Western Australia, 
and highlight the importance of refugial montane 
habitats for the conservation of short-range endemic 
arachnids in southern Western Australia. 

MATERIAL AND METHODS 

The specimens examined as part of this 
study are lodged at the Western Australian 
Museum, Perth (WAM). Digital photographs 
were taken through a Leica MZ16A binocular 
microscope, and auto-montage images were 
captured using a Leica DFC500 mounted camera 
with Leica Application Suite version 2.5.0R1 
software. Additional digital images were taken 
through an Olympus BH-2 compound microscope 
using a Q-Imaging Micropublisher 5.0 RTV 
mounted camera with Auto-Montage Pro imaging 
software by Syncroscopy. All specimens were 
described and illustrated in 75% ethyl alcohol, and 
female abdomens were cleared in lactic acid or 
dissected and cleared in a gently-heated solution 
of 10% potassium hydroxide. Both male and female 


genitalia were illustrated on Utoplex tracing paper, 
using printed auto-montage template images taken 
through a compound microscope. ArcMap version 
9.3.1 (ESRI Inc.) with Virtual Earth (Microsoft Corp.) 
was used to create the satellite image in Figure 24. 

All measurements are in millimetres, and the 
following abbreviations are used throughout 
the text: ALE, anterior lateral eyes; ALS, anterior 
lateral spinnerets; AME, anterior median eyes; PLE, 
posterior lateral eyes; PME, posterior median eyes; 
PMS, posterior median spinnerets. 

SYSTEMATICS 

Family Synotaxidae Simon, 1894 
Calcarsynotaxus Wunderlich, 1994 

Calcarsynotaxus Wunderlich, 1994: 539. 

Type species 

Calcarsynotaxus longipes Wunderlich, 1994, by 
original designation. 

Calcarsynotaxus benrobertsi sp. nov. 

Figures 1-14 

Material examined 

Holotype 

Australia: Western Australia: S, Stirling Range 
National Park, Ellen Peak, summit (1007 m), 
34°21 , 30 ,, S, 118°19 , 57 ,, E, 6 November 2007, sifting 
elevated leaf litter under Lepidosperma sedges in 
montane Kunzea heathland, M. Rix et al. (WAM 
T96175). 

Paratypes 

Australia: Western Australia: allotype same 
data as holotype (WAM T96176); 1 <$, 1 same 
data as holotype (WAM T89593); 1 9 , Stirling 
Range National Park, south face of Pyungoorup 
Peak, 34°2T54"S, 118°19 , 44 /, E, 5 August 2008, sifting 
elevated leaf litter under Lepidosperma sedges along 
mesic, shaded creek line, M. Rix, M. Harvey (WAM 
T94569). 

Affinities 

Calcarsynotaxus benrobertsi appears to be a 
member of the family Synotaxidae, in possessing 
an incised retrolateral margin of the cymbium, an 
excavate paracymbium and a complex terminal 
tegular sclerite on the male pedipalp (Agnarsson 
2003; Figures 10-12). Other typically synotaxid- 
like characters include patellar macrosetae on 
the male pedipalp (Figures 10-12), an anterior 
stridulatory system on the male abdomen (Figures 
8-9), large, rod-like fertilisation ducts (Figures 
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Figures 1-6 Calcarsynotaxus benrobertsi sp. nov., holotype male (WAM T96175) and allotype female (WAM T96176) from 
the Stirling Range National Park, Western Australia: 1, live female, lateral view; 2, live male, dorsal view; 
3, male habitus, dorsal view; 4, female habitus, dorso-lateral view; 5, male cephalothorax, frontal view; 6, 
female abdomen, ventral view. 


13-14), an external epigynal lobe (Figures 1, 6, 
13-14), a domed, subtriangular female abdomen 
and elongate male abdomen (Figures 1-4), cuticular 
sculpturing on the male tegular sclerite (Figures 
10-11), and modified anterior setae on the male 
ocular region (Figure 7). 

Within the family Synotaxidae, the affinities 
of C. benrobertsi are unclear; the species does not 
possess the male abdominal stridulatory system 
characteristic of the subfamilies Physogleninae 
or Pahorinae, nor is it congeneric with the south¬ 
eastern Australian physoglenine genera Tupua or 
Paratupua. The male pedipalpal morphology seems 
most similar to neotropical and South American 
species of Synotaxus and Chileotaxus (see Forster et 
al. 1990; Agnarsson 2003), although a phylogenetic 


analysis is required to determine whether this 
species is indeed more closely-related to New 
World taxa than to Australasian genera. 

Calcarsynotaxus benrobertsi is similar to C. longipes 
(as described by Wunderlich 1994) in possessing 
a pair of very large, thorn-like macrosetae on 
the male pedipalpal patella (Figures 10, 12) and 
a stridulatory system on the male abdomen 
antagonistic to the leg IV coxal region (Figures 8-9). 
However, the stridulatory system of C. benrobertsi 
is different to that described by Wunderlich (1994), 
in possessing a sternal 'opercular plate' over 
each leg IV coxa, rather than a coxal 'outgrowth'. 
The somatic morphology is also otherwise 
dissimilar to that described by Wunderlich (1994), 
suggesting placement in another, possibly new 
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Figures 7-9 Calcarsynotaxus benrobertsi sp. nov., holotype (WAM T96175) and paratype (WAM T94569) males from the 
Stirling Range National Park, Western Australia: 7, holotype male cephalothorax, lateral view, showing 
ocular setae; 8, paratype male carapace and coxa IV, postero-dorsal view, showing stridulatory 'opercular 
plate'; 9, paratype male anterior abdomen, lateral view, showing anterior tubercles and ridge of thickened 
cuticle. 


synotaxid genus. In the absence of a phylogenetic 
hypothesis for the non-physoglenine/non-pahorine 
Synotaxidae of Australia, C. benrobertsi is hereby 
tentatively placed in the genus Calcarsynotaxus, 
although we acknowledge that this placement 
requires further testing. 

Diagnosis 

Calcarsynotaxus benrobertsi can be distinguished 
from all other Synotaxidae except C. longipes by the 
presence of two very large, thorn-like macrosetae 
on the male pedipalpal patella (Figures 10, 12). 
The species can be distinguished from C. longipes 
by the longer, sinuous embolus (Figures 10-11) 
and the pronounced epigynal lobe with rod-like 
fertilisation ducts (Figures 1, 6,13-14). 

Description 

Holotype male 

Dimensions: total length 2.41; carapace 1.10 long, 
0.88 wide; abdomen 1.58 long, 0.73 wide; leg I femur 
3.63. 

Colour: carapace tan-yellow, darker around 
ocular region and clypeus, with two longitudinal 
brown bands extending from posterior margin 
of carapace to PLE; legs tan-yellow, with darker 
brown bands on distal femora, proximal and distal 
tibiae, and proximal and distal metatarsi; sternum, 
chelicerae, pedipalps brown; abdomen cream with 
olive-brown cardiac mark, dark brown posterior 
chevrons, mottled dark brown markings laterally 
and olive-brown venter. 

Carapace: relatively flat with raised ocular region; 
fovea triangular, pars thoracica with four weakly- 
incised furrows; setae present along midline of 
carapace and around eyes and clypeus, with pair of 


longer, sinuous, anteriorly-directed setae posterior 
to AME; clypeus broad, protruding anteriorly, with 
transversely incised furrow ventral to AME. 

Eyes: eight, in two weakly-recurved rows; AME 
0.06, ALE 0.08, PME 0.06, PLE 0.06; AME, lateral 
eyes paired; PME separated by their own diameter. 

Sternum: longer than wide, posteriorly obtuse; 
cuticle of posterior sternum extending laterally 
around coxae of leg IV, covering each coxa with 
a thickened, ectal, operculum-like covering; each 
'opercular plate' with dorsal stridulatory file. 

Labium: rectangular, wider than long, fused to 
anterior margin of sternum. 

Maxillae: directed across labium. 

Chelicerae: rectangular, 2.5x longer than wide; 
promargin with three triangular teeth. 

Abdomen: elongate, cylindrical, covered with 
short setae; cuticle thickened anterior to epigastric 
furrow, with tuberculate stridulatory ridges on 
either side of petiole interacting with 'opercular 
plates' of posterior sternum; broad posterior 
tracheal spiracle situated slightly anterior to colulus; 
colulus with two posteriorly-directed setae. 

Spinnerets: six, posterior to colulus; ALS largest, 
PMS smallest. 

Legs: longest to shortest I, II, IV, III; long (leg I 
femur-carapace ratio 3.3), three-clawed, covered in 
short setae; spines absent. 

Pedipalp: patella with two very large, distal, thorn¬ 
like macrosetae; tibia unmodified, rectangular; 
cymbium with incised retrolateral margin and 
short, excavate posterior paracymbium; bulb 
with large subtegulum and bulging tegulum; 
terminal tegular sclerite complex, consisting of 
tegular apophysis- and conductor-like portions 
(presumably homologous to the 'theridioid tegular 
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Figures 10-14 Calcarsynotaxus benrobertsi sp. nov., paratype male and female (WAM T94569) from the Stirling Range 
National Park, Western Australia: 10, male pedipalp, prolateral view; 11, male pedipalp, pro-ventral view, 
with inset showing equivalent compound microscope image of terminal conductor; 12, male pedipalp, 
retrolateral view; 13-14, cleared female receptacula, dorsal view. Note the paired, thorn-like macrosetae on 
the male pedipalpal patella, and the rod-like fertilisation ducts. C, conductor; Cy, cymbium; E, embolus; 
EL, epigynal lobe; FD, fertilisation duct; Fe, femur; ID, insemination duct; P, paracymbium; Pa, patella; SP, 
spermatheca; sTe, subtegulum; TA, tegular apophysis; Te, tegulum; Ti, tibia. Scale bars = 0.195 mm (Figures 
10-12), 0.13 mm (Figure 14). 


apophysis' described by Agnarsson 2003); tegular 
apophysis sinuous, dark, with cuticular sculpturing 
and hooked distal process; conductor broad, 
straddling embolus, with folded, spinous distal 
processes; embolus long, sinuous, extending around 
prolateral margin of bulb. 

Allotype female 

Dimensions: total length 2.80; carapace 1.17 long, 
0.88 wide; abdomen 1.81 long, 1.22 wide; leg I femur 
3.59. 


Colour: carapace tan-yellow, darker around ocular 
region and clypeus, with two longitudinal brown 
bands extending from posterior margin of carapace 
to PLE; legs tan-yellow, with darker brown bands 
on distal femora, proximal and distal tibiae, and 
proximal and distal metatarsi; sternum, chelicerae, 
pedipalps brown; abdomen cream with dark brown 
cardiac mark and posterior chevrons, olive brown 
striations laterally and olive-brown venter. 

Carapace: relatively flat with raised ocular region; 
fovea triangular, pars thoracica with four weakly- 
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incised furrows; setae present along midline of 
carapace and around eyes and clypeus; clypeus 
broad, protruding anteriorly. 

Eyes: eight, in two weakly-recurved rows; AME 
0.06, ALE 0.08, PME 0.08, PLE 0.06; AME, lateral 
eyes paired; PME separated by their own diameter. 

Sternum: longer than wide, posteriorly obtuse; 
cuticle of posterior sternum extending laterally 
around coxae of leg IV, covering each coxa with 
an ectal, operculum-like covering; each 'opercular 
plate' smooth, without dorsal stridulatory file. 

Labium: rectangular, wider than long, fused to 
anterior margin of sternum. 

Maxillae: directed across labium. 

Chelicerae: rectangular, 2.4x longer than wide; 
promargin with three triangular teeth. 

Abdomen: domed, subtriangular in lateral view, 
covered with short setae; without tuberculate 
cuticle either side of petiole; broad posterior 
tracheal spiracle situated slightly anterior to colulus; 
colulus with two posteriorly-directed setae. 

Spinnerets: six, posterior to colulus; ALS largest, 
PMS smallest. 

Legs: longest to shortest I, II, IV, III; long (leg I 
femur-carapace ratio 3.07), three-clawed, covered in 
short setae; spines absent; tibiae with two or three 
proximal trichobothria; metatarsi (legs I-III) with 
single trichobothrium; tarsal organ capsulate. 

Pedipalp: entire, with elongate, curved distal 
claw without accessory teeth; tibia with three 
trichobothria. 

Epigyne: receptacula fully-enclosed within large, 
bulbous-triangular epigynal lobe; intromittent 
pores situated ventrally near epigastric furrow; 
insemination ducts dorsally-looped, each leading to 
oval, posteriorly-directed spermatheca; fertilisation 
ducts large, rod-like, leading from ventral side of 
spermathecae around lateral margins of lobe. 

Distribution and Habitat 

Calcarsynotaxus benrobertsi was first discovered 
in November 2007, and is currently known 
only from the eastern massif of the Stirling 
Range National Park, on the summit of Ellen 
Peak and the south face of nearby Pyungoorup 
Peak (Figures 20-25). On both Ellen Peak and 
the south face of Pyungoorup Peak specimens 
were found living under the damp, shaded 
leaves of sedges ( Lepidosperma spp., family 
Cyperaceae), in sympatry with two other spiders 
with very small distributions: the archaeid spider 
Austrarchaea robinsi Harvey, 2002b and the malkarid 
Perissopmeros darwini sp. nov. (see below). 

Etymology 

The specific epithet is a patronym for Benjamin 


Roberts, evolutionary biologist with publications 
on speciation and sexual selection, who died 
unexpectedly, very early in his career. 

Family Malkaridae Davies, 1980 

Subfamily Sternoidinae Harvey, 2002 

Sternodidae Moran, 1986: 88 (reduced to a 
subfamily of Malkaridae by Platnick and 
Forster 1987: 9). 

Sternoidinae Harvey, 2002a: 456. 

Sternoidini Wunderlich, 2004: 1259. New 
synonymy. 

Remarks 

The family Sternodidae was proposed by Moran 
(1986) for the Australian genera Sternodes Butler, 
1929 and Carathea Moran, 1986, but was reduced to 
a subfamily of Malkaridae by Platnick and Forster 
(1987). Sternodes was found to be preoccupied 
in Coleoptera (Platnick 1998) and replaced by 
Sternoides Platnick, 1998, which was then a junior 
subjective synonym of Perissopmeros Butler, 1932, 
itself formerly treated as a junior synonym 
of Sternodes (see Moran 1986). Harvey (2002a) 
proposed Sternoidinae as a replacement name for 
Sternodidae, as required under Article 39 of the 
International Code of Zoological Nomenclature 
(International Commission on Zoological 
Nomenclature 1999). Regrettably, a similar action 
was taken by Wunderlich (2004), thus rendering 
Sternoidini Wunderlich, 2004 a junior objective 
synonym and a homonym of Sternoidinae Harvey, 
2002a, and we hereby synonymise the former. 

Genus Perissopmeros Butler, 1932 

Sternodes Butler, 1929: 50 (name preoccupied in 
Coleoptera). 

Perissopmeros Butler, 1932:116. 

Sternoides Platnick, 1998: 226 (superfluous 
replacement name for Sternodes ). 

Type species 

Perissopmeros: Perissopmeros castaneous Butler, 1932, 
by original designation. 

Sternodes: Sternodes foraminatus Butler, 1929, by 
original designation. 

Perissopmeros darwini sp. nov. 

Figures 15-19 

Material examined 

Holotype 

Australia: Western Australia: ^Stirling Range 
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Figures 15-19 Perissopmeros darwini sp. nov., holotype female (WAM T89314) from the Stirling Range National Park, 
Western Australia: 15, habitus, dorsal view; 16, habitus, ventral view; 17, abdomen and external epigyne, 
ventral view, showing the elongate receptacula; 18-19, receptacula, ventral view, showing the tightly coiled 
insemination ducts. Scale bar = 0.13 mm (Figure 19). 


National Park, south face of Pyungoorup Peak, 
34°21 , 54"S, 118°19 , 44"E, 27 April-4 September 1996, 
wet pitfall traps along mesic, shaded creek line, M. 
Harvey et al. (WAM T89314). 

Affinities 

Perissopmeros darwini appears to be a member 
of the genus Perissopmeros as described by Moran 
(1986), in possessing relatively tightly-coiled 
insemination ducts (Figures 18-19). The species 
is, however, more similar to the Tasmanian genus 
Carathea in not possessing ocular 'horns' (see Moran 
1986), although this character is absent in other 
sternoidine species from Victoria (pers. obs.), and is 
even subject to intraspecific variation in Chilenodes 
(see Platnick and Forster 1987). Given the possible 
homoplasy in the presence or otherwise of ocular 


projections, and thus the possible paraphyly of 
the genus Carathea with respect to Perissopmeros, 
P. darwini is tentatively placed in the latter genus, 
pending a phylogenetic analysis of the subfamily. 

Diagnosis 

Perissopmeros darwini can be distinguished from 
all other described sternoidine species in the 
genera Perissopmeros, Carathea and Chilenodes by the 
presence of elongate receptacula and highly coiled 
insemination ducts which rotate anteriorly at least 
12 times (Figures 18-19). 

Description 

Holotype female 

Dimensions: total length 2.35; carapace 0.96 long. 
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Figures 20-25 The Stirling Range National Park, south-western Western Australia - home to Calcarsynotaxus benrobertsi sp. 

nov. and Perissopmeros darwini sp. nov.: 20, view from the north of the eastern massif, showing Ellen, Pyun- 
goorup and Isongerup Peaks; 21, montane heathland on the summit of Ellen Peak, looking west from the 
type locality of C. benrobertsi ; 22, late-afternoon cloud forming over the summit of Ellen Peak and nearby 
Pyungoorup Peak; 23, early-morning cloud and fog covering Bluff Knoll and the Stirling Range's eastern 
massif, as seen from north-west of Bluff Knoll; 24, satellite image of the Stirling Range National Park, 
showing the position of Ellen Peak and the eastern massif; 25, map of Australia, showing the location of the 
Stirling Range National Park. Images 20-23 by M. Rix. 


0.66 wide; abdomen 1.33 long, 0.78 wide; leg I femur 
0.74. 

Colour: carapace, sternum, chelicerae dark orange; 
legs, pedipalps tan-yellow; abdomen cream with 
orange sclerotic spots, orange anterior sclerite and 
orange posterior sclerotic ring around spinnerets. 

Carapace: roughly diamond-shaped in dorsal 


view, with pronounced lateral extensions around 
coxae of legs; pars cephalica smoothly raised, 
without ocular 'horns'; pars thoracica with rim of 
conical, setal tubercles laterally; cuticle of carapace 
heavily punctate, with pair of large, deeply excavate 
glandular depressions on either side of carapace 
above maxillae. 
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Eyes : eight, situated antero-dorsally on 
unmodified anterior margin of pars cephalica; 
internally separated from exocuticle due to 
preservation. 

Sternum: longer than wide, posteriorly pointed, 
fully fused to carapace via pleural sclerites; cuticle 
coarsely tuberculate. 

Labium: triangular, slightly longer than wide, 
fused to anterior margin of sternum. 

Maxillae: rectangular, anteriorly directed. 

Chelicerae: rectangular, 2x longer than wide; 
promargin excavate with one proximal tooth; 
retromargin with row of four teeth. 

Abdomen: oval, slightly flattened in lateral view, 
covered with short setae; each seta projecting from 
small sclerotic spot; seven medial pairs of sigillae 
present on dorsal surface; anterior sclerite very 
large, heavily sclerotised, covering most of ventral 
surface of abdomen, with unsclerotised foramen 
posterior to epigastric furrow; posterior sclerotic 
ring surrounding spinnerets and colulus, with 
ventral slit-like tracheal spiracle. 

Spinnerets: six, posterior to colulus; ALS largest, 
PMS smallest. 

Legs: longest to shortest IV, I, II, III; relatively 
short (leg I femur-carapace ratio 0.77), three- 
clawed, covered in short setae; superior claws 
of legs I and II strongly pectinate; spines absent; 
tibiae with two (leg I), three (legs II-III) or four 
(leg IV) trichobothria; metatarsi each with single 
trichobothrium; tarsal organ capsulate. 

Pedipalp: entire, tarsus longer than tibia, with 
elongate, curved distal claw without accessory 
teeth. 

Epigyne: receptacula elongate, clearly visible 
externally; spermathecae rounded, situated 
posteriorly above intromittent pores; insemination 
ducts long, tightly coiled, rotating anteriorly at least 
12 times; fertilisation ducts short, curved. 

Distribution and Habitat 

Perissopmeros darwini was first discovered in 
1996, during a series of pitfall trapping surveys in 
the Stirling Range National Park. The species is 
currently known only from the eastern massif of 
the Stirling Range, on the south face of Pyungoorup 
Peak (Figures 20-25). The type locality is a shaded, 
mesic creek line, also home to Calcarsynotaxus 
benrobertsi sp. nov. (see above) and the archaeid 
spider Austrarchaea robinsi. 

Etymology 

The specific epithet is a patronym in honour of 
Charles Darwin (1809-1882), author of On the Origin 
of Species and co-proposer of the theory of evolution 
by natural selection. The year 2009 marks the 
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200 th anniversary of Darwin's birth, and the 150 th 
anniversary of the publication of On the Origin of 
Species (published 24 November 1859). 
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Abstract - A new species of the salticid genus Paraplatoides, Paraplatoides 
darwini, is described from the Pilbara region of Western Australia. This is the 
first Western Australian species described for this genus. 


INTRODUCTION 

The salticid genus Paraplatoides was erected by 
Zabka (1992) to recognise a group of species that 
possessed a dorso-ventrally flattened body shape 
but differed markedly in genitalic characters from 
other such extremely flattened salticids as those of 
the genera Holoplatys Simon, 1885 and Zebraplatys 
Zabka, 1992 (see Zabka, 1991, 1992a). Marptusa 
tenerrima L. Koch, 1879 and Holoplatys caledonica 
Berland, 1932 were considered congeners and 
Marptusa tenerrima became the type species for 
this new genus, with four new species from the 
states of South Australia, Tasmania, Victoria, New 
South Wales and Queensland (Zabka 1992b). The 
discovery of several unnamed species of this genus 
from Western Australia further extends the range 
of this genus. One of these new species is described 
in this paper. 

All of the material examined for this study is 
lodged in the Western Australian Museum, Perth 
(WAM). Drawings were made using a graticule 
fitted to a Leica MS 5 dissecting microscope. Digital 
images were made on a Leica MZ 16A microscope 
with a Leica DFC500 digital camera and auto¬ 
montage software (Leica Applicatiion Suite version 
2.5.0R.1. Measurements in millimetres (mm), and 
the following abbreviations were used: MLE, 
median lateral eyes; PLE, posterior lateral eyes. 

SYSTEMATICS 

Family Salticidae Blackwall, 1841 
Genus Paraplatoides Zabka, 1992 

Paraplatoides Zabka, 1992b: 166. 

Type species 

Marptusa tenerrima L. Koch, 1879, by original 
designation. 


Remarks 

The salticid genus Paraplatoides currently contains 
six named species (Koch 1879; Simon 1901; Berland 
1932; Zabka 1992b; Platnick 2009), all but one known 
from eastern Australia, the sixth is from New 
Caledonia. None have been recorded from Western 
Australia until now with several new species being 
recognised during identifications of survey material 
from the Carnarvon-Irwin area, the Wheatbelt 
area and the Pilbara region of Western Australia 
(Waldock 2000, unpublished data). 

Paraplatoides darwini sp. nov. 

Figures 1-5 

Material examined 

Holotype 

Australia: Western Australia: S, 9 km NW. 
of Lake Poongkaliyarra, site DRC05, 20°56'23.8"S 
117°02 , 05.3 ,, E, wet pitfall traps, 3 July 2003-3 
October 2004, DEC Pilbara Survey (WAM T89608). 

Paratype 

Australia: Western Australia: 1 S, same data as 
holotype (WAM T89609). 

Diagnosis 

Paraplatoides darwini differs from all other 
described and undescribed species currently 
known by the following combination of characters: 
male with two broad bands of white hairs 
across cephalothorax, one in anterior third of 
cephalothorax covering most of ocular area, second 
band posterior to fovea in last third of thoracic 
region, abdomen with three broad bands of white 
hairs, one across anterior edge, second in anterior 
third of abdomen and third in posterior third; 
scutal area slightly darker than rest of abdomen 
but not sclerotised; leg I, very robust with fine 
long white, brown and cream hairs on specific 
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Figures 1-4 Paraplatoides darwini sp. nov., holotype $ (WAM T89608): 1, cephalothorax and abdomen, dorsal, scale line 0.6 
mm; 2, left pedipalp, ventral; 3, left pedipalp, retrolateral; scale line 0.4 mm; 4, left leg I, retrolateral, scale line 
0.6 mm. 


segments and with two pairs of spines on tibia and 
metatarsus. 

Description 

Male (holotype) 

Cephalothorax : tan, dark brown around eyes, 
thin brown strip evident under white hairs on 
sides of cephalothorax. Broad band of white hairs 
from just anterior to MLE to posterior of PLE and 
second, slightly narrower, band extending across 


cephalothorax posterior to fovea in last third 
of thoracic region. Remainder of cephalothorax 
with dark brown hairs (Figure 1). Skin of ocular 
area and central cephalothorax to fovea with 
golden iridescence. Sternum yellow. Clypeus 
and chelicerae dark brown. Labium and maxillae 
brown, creamy distally. 

Abdomen : elongate, three times longer than wide. 
Three broad bands of white hairs extending across 
abdomen to edges, one across anterior edge, second 
in anterior third of abdomen and third in posterior 
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third (Figure 1). Scutal area tan where hairs have 
rubbed off, darker than rest of abdomen but not 
sclerotised. Dark brown hairs in area between 
anterior white patch and next patch, fewer dark 
brown hairs also between second patch and third, 
most distal white patch. Posterior third of abdomen 
with speckled grey patches increasing to a single 
grey pattern on posterior tip. Patch of white hairs at 
tip of abdomen and longer white hairs extend over 
dorsal spinnerets (Figure 5). Spinnerets creamy 
yellow. Venter creamy yellow with light grey central 
strip extending posteriorly from epigastric furrow to 
just above spinnerets and scattering of short brown 
hairs. Very small dark bristles in patch at genital 
opening, remainder of venter anterior to epigastric 
furrow pale yellow and lacking hairs or bristles. 

Pedipalp: yellow (Figures 2, 3) Tibial apophysis 
short, with tip slightly hooked. Cymbium yellow, 
dorsal tibia and dorsal patella sparsely covered 
with long white hairs. Embolus long, extending 
from base of tegulum. Tegulum and seminal 
reservoir lying diagonally in cymbium. Tegulum 
translucent, seminal reservoir visible in tegulum. 

Legs : II-IV all segments yellow. Leg I longest, 
robust, all segments dark brown. Two pairs of 
stout bristles prolaterally and retrolaterally on 
tibia I and metatarus I (Figure 4). Femor I with 
short brown hairs ventrally, patella I with short 
erect and supine white hairs dorsally and fine, 
long white hairs ventrally. Tibia I with fine, long 
white hairs ventrally in proximal half grading to 
fine brown hairs distally. Dorsal tibia I with short 
brown hairs and longer white hairs above joint of 
metatarsus. Metatarsi I and tarsi I with fine brown 
hairs ventrally, these hairs are shorter on tarsus. 
Tarsus IV with slightly thicker hairs ventrally. Leg 
formula: I: IV: II: III. 

Variation 

Paratype male (WAM T89609) (Figure 5): scutal 
area obscured by complete anterior band of white 
hairs, skin is pale yellow as in rest of abdomen, 
darker yellow anteriorly, under the white and 
brown hairs. Strip of white hairs at posterior tip of 
abdomen. 



Figure 5 Paraplatoides darwini sp. nov., paratype S 
(WAM T89609): dorsal view showing bands 
of white hairs across cephalothorax and ab¬ 
domen, Total length, 4 mm. 


Darwin, in celebration of the 200 th anniversary of his 
birth and the 50 th of the publication of On the Origin 
of Species. 

Remarks 

Paraplatoides darwini has been collected from a 
single site in the Pilbara, approximately. 30 km 
SSE of Karratha. This site is stony undulating hilly 
country with scattered to sparse Corymbia sp.. 
Acacia bivenosa , A. pyrifolia, A. sp. over Triodia sp. 
understorey. No comment can be made with regard 
to activity period as the specimens were collected 
from fluid-filled pitfall traps that ran over a 12 
month period. 


Dimensions (mm) 

Holotype & (WAM T89608): total length 
(excluding chelicerae) 4.15. Carapace length 1.65. 
Abdomen length 2.50. Leg I: femurl.08, patella 
0.55, tibia 0.85, metatarsus 0.73, tarsus 0.30. Leg II: 
femur 0.57, patella 0.30, tibia 0.44, metatarsus 0.27, 
tarsus 0.19. Leg III: femur 0.50, patella 0.23, tibia 
0.30, metatarsus 0.35, tarsus 0.25. Leg IV: femur 0.70, 
patella 0.38, tibia 0.55, metatarsus 0.50, tarsus 0.28. 

Etymology 

This species is named in honour of Charles 
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Abstract - A new monotypic Australian wolf spider genus, Tapetosa, with 
T. darwini as type species, is described for the 'Carpet Wolf Spider', which 
is known from granite outcrops in the southeastern Wheatbelt of Western 
Australia. Tapetosa belongs to the lycosid subfamily Lycosinae, but has a 
unique somatic morphology amongst wolf spiders, which is characterised by 
a dorso-ventrally flattened cephalothorax and abdomen associated with the 
spiders inhabiting narrow crevices under the granite sheets of rocky outcrops. 
The central tarsal claw is reduced and covered by extended scopulate setae 
probably facilitating movement on solid rocky surfaces. The tegulum of the 
male pedipalp carries a unique retrolateral protrusion. 


INTRODUCTION 

The first mention of an undescribed wolf spider 
exclusively inhabiting crevices under the rock 
slabs on granite outcrops in southwestern Western 
Australia was by Barbara York Main in her classic 
volume on Australian spiders (Main 1976). Her 
accompanying photograph (Main 1976; plate 25) 
showed a very unusual somatic morphology for a 
wolf spider; a dorso-ventrally flattened carapace 
and abdomen, and the third pair of legs oriented 
somewhat in a huntsman spider-like laterigrade 
fashion. In a subsequent publication. Main (2000) 
attributed the name 'Carpet Wolf Spider' to this 
species based on the carpet-like, mottled colour 
pattern (see Figure 1A). In the same publication. 
Main (2000) also provided some information on the 
biology of the species, describing it as a nocturnal 
forager that is territorial in regard to its home slab 
and foraging terrain. However, two immature 
spiders held in captivity were observed to come 
out of their rock crevice during the day to sit in the 
sun for short periods of time (JMW and Miriam 
Waldock, personal observation). 

The Carpet Wolf Spider was initially placed in the 
genus Pardosa C.L. Koch, 1847 (Main 1976), although 
the author concluded later that the species 'may 
rightly belong taxonomically elsewhere' (Main 
2000). This conclusion gained support when the 
subfamily Pardosinae Simon, 1898 was reported to 
be absent from Australia (Murphy et al. 2006; Yoo 
and Framenau 2006; Framenau 2007). However, the 


lack of adult specimens ensured that the Carpet 
Wolf Spider could not be assigned to any of the four 
subfamilies of Lycosidae known from Australia, 
Artoriinae Framenau, 2007; Zoicinae Lehtinen & 
Hippa, 1979; Venoniinae Lehtinen & Hippa, 1979, 
or Lycosinae Sundevall, 1833. Only recently, the 
male pedipalp morphology of the Carpet Wolf 
Spider could be examined when a penultimate male 
specimen, collected by Roberta Engel (University 
of Connecticut) and JMW during searches for 
Synsphyronus pseudoscorpions on rocky granite 
outcrops in July 2006, was raised to maturity in 
November 2006 by Miriam and Bill Waldock. 

The Carpet Wolf Spider is not the only Australian 
lycosid that is found on rocky outcrops. Artoria 
impedita (Simon, 1909) appears to prefer rocky 
habitats and has been found mainly on or near 
granite outcrops (Framenau 2005). However, this 
species does not show the adaptations to living 
in narrow crevices such as a flattened body and 
reduced tarsal claws (see Description below). The 
non-aquatic fauna associated with granite outcrops 
in Western Australia was summarised by Withers 
and Edward (1997) and Main (2000), in which a 
small range of invertebrate and vertebrate animals 
were found to be restricted to granite outcrops. 
Others are not restricted to granite outcrops, but 
use them or their fringing aprons for part of their 
life cycle (Main 1997; Withers and Edward 1997). 

The aim of this study is to describe the enigmatic 
Carpet Wolf Spider in a new genus of wolf spiders 
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Figure 1 Tapetosa darwini sp. nov., immature from Lily McCarthy Rock (WAM T60365): A, dorsal and B, frontal view. 
(Photographs: V.W. Framenau) 


to celebrate the 200 th anniversary of Charles 
Darwin's birth in 1809 and the 150 th anniversary 
of the publication of his On the Origin of Species by 
Means of Natural Selection (Darwin 1859). 

MATERIAL AND METHODS 

Descriptions are based on specimens preserved 
in 70% ethanol and lodged in the Western 
Australian Museum, Perth (WAM). For clarity, the 
setae have been omitted from the illustration of the 
male pedipalp. The morphological nomenclature 
follows Framenau and Baehr (2007) and Langlands 


and Framenau (in press). All measurements are in 
millimeters (mm). 

Digital images of the male pedipalp were taken 
with a Leica DFC500 camera that was attached to a 
Leica MZ16A stereo microscope. Photographs were 
taken in different focal planes (ca. 20 images) and 
combined with the Leica Application Suite version 
2.5.0R1. 

The following abbreviations are used for eyes: 
anterior (AE), anterior median (AME), anterior 
lateral (ALE), posterior (PE), posterior median 
(PME), posterior lateral (PLE). 
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SYSTEMATICS 

Family Lycosidae Sundevall, 1833 
Subfamily Lycosinae Sundevall, 1833 
Tapetosa gen. nov. 

Type species 

Tapetosa darwini sp. nov. 

Diagnosis 

Carapace and abdomen dorso-ventrally flattened 
(Figures IB, 2D); central tarsal claw reduced and 
covered by extended scopulate setae on all legs; 
leg I longer than leg IV [usually leg IV longest in 
Lycosidae, but see Artoria flavimana Simon, 1909 
(Framenau 2002) and Allotrochosina schauinslandi 
(Simon, 1899) (Vink 2001)]; male pedipalp tegulum 
with retrolateral protrusion (Figures 2A,C). 

Description 

Large wolf spiders (total length estimated 
18-30 mm; male holotype is the only mature 
specimen known); males smaller than females; 
cephalothorax broad and dorso-ventrally flattened, 
as high in cephalic as in thoracic region (Figure 
2D); row of AE narrower than row of PME; row of 
AE procurved; ALE comparatively small (Figure 
2E); clypeus narrower than diameter of AME; 
chelicerae with three promarginal teeth, with the 
central one largest, and three retromarginal teeth, 
with the apical smallest; labium longer than wide; 
abdomen dorso-ventrally flattened and elongated 
(Figures 1A,B); third pair of legs oriented somewhat 
laterigrade; leg formula I > IV > II > III; retrocoxal 
hymen present on femora; scopulae on all tarsi and 
metatarsi I and II; central tarsal claw comparatively 
small and concealed by extended scopulate setae. 
Tegular apophysis of male pedipalp forming a 
baso-ventrally directed broad hook (Figures 2A-C); 
tegular lobe large; terminal apophysis long and 
sinuous, tip of embolus pointing apicad; tegulum 
with retrolateral protrusion; cymbium tip with ca. 
3-5 macrosetae. Female genitalia unknown. 

Etymology 

The generic name is composed of tapete, -is (Latin 
- carpet, rug) referring to the common name of this 
species. Carpet Wolf Spider, and -osa, a standard 
ending for wolf spider genera. The gender is 
feminine. 

Remarks 

The transverse tegular apophysis identifies 
Tapetosa as a member of the subfamily Lycosinae 
Simon, 1833 (Dondale 1986). The Australian 
representatives of this subfamily belong to two 


different lineages (Murphy et al. 2006). The first 
one, represented by Venatrix Roewer, 1960 and 
Tuberculosa Framenau and Yoo, 2006, appears to 
have invaded Australia from Asia whilst all other 
Australian Lycosinae are of Gondwanan origin 
with subsequent diversification in this country 
(e.g. Langlands and Framenau in press). Based on 
its morphology, i.e. the lack of a claw at the tip of 
the cymbium, and arid distribution, Tapetosa is 
believed to belong to the Gondwanan lineage of 
Australian Lycosinae. However, due to its extremely 
derived morphology it is currently not possible to 
hypothesize on the closest relatives of the genus. 
The flattened body shape is unique among wolf 
spiders. 

Adult females of the Carpet Wolf Spider have 
so far not been collected and female genital 
morphology remains unknown. However, the 
distinctive somatic morphology in combination 
with the perceived threat to granite outcrops 
through human disturbances including activities 
of feral pigs which disturb exfoliated slabs (e.g. 
Main 2000) justifies establishing a new genus and 
species for this enigmatic wolf spider based on the 
knowledge a single mature male and juvenules 
alone. 

Distribution 

Tapetosa is exclusively found on granite outcrops 
in the southeastern parts of the Western Australian 
wheatbelt (Figure 3). 

Tapetosa darwini sp. nov. 

Figures 1A-B, 2A-E, 3 

Pardosa sp.: Main 1986: 111, plate 25. 

Material examined 

Holotype 

Australia: Western Australia: S, McCann's Rock, 
32°32'44"S, 118°36T6"E, 17 July 2006 (collected as 
penultimate male, matured November 2006), under 
granite on outcrop, collected by J.M. Waldock and 
R. Engel (WAM T66693). 

Other material examined 

Australia: Western Australia: 1 penultimate 
?, Dunn Rock, 33°20'10"S, 119°29'39"E 25 October 
2000, site "Lake King 7", P. van Heurck, BYM 2000/ 
A3 (WAM T96970); 1 juvenile, Dunn Rock, 33°20'S, 
119 0 29'E, 1 May 2000, foraging on rock, BYM2000/ 
Al, B.Y. Main (WAM T96971); 1 penultimate & 
1 penultimate §> 1 juvenile, Dunn Rock Nature 
Reserve, 33°19'S, 119°28'E, 2 September 2006, B. 
Muir (WAM T96803-5); 1 juvenile, 20 miles E of 
Lake King, near Rabbit Proof Fence on track to 
Narembeen Road, ca. 33°05'S, 120°01'E, 23 May 1955, 
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Tapetosa darwini sp. nov., male holotype (WAM T66693, from McCann's Rock, Western Australia): A, C, left 
pedipalp, ventral view; B, left pedipalp, retrolateral view; D, carapace, lateral view; E, eye pattern, frontal 


view. Scale bar: A, B, C = 0.62 mm; D = 5.62 mm, E = 3.48. 
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FN18, B.Y. Main, granite outcrop in sandplain heath 
(WAM T96972); 1 juvenile, same data, FN19 (WAM 
T96969); 1 penultimate male, Lily McCarthy Rock, 
32°42'18"S, 119°21 , 27"E, 2 March 2004, under granite 
slab, P. Mann (WAM T96968); 1 penultimate female, 
2 juveniles, same data, except 2 May 2004 (WAM 
T60054, T60331, T60365); 1 penultimate male, Lily 
McCarthy Rock, 32°40'S, 119°20 , E, 23 October 2003, 
under granite slab, P.J. Mann (via A.P Longbottom) 
(WAM T57584); 1 juvenile, same data (WAM 
T81169); 1 juvenile, Walyahmoning Rock, 30°38 , S, 
118°43'E, 1 April 1972, head torch after dusk, granite 
surface or immediate surroundings, A. Baynes 
(WAM T9440 [formerly WAM 73/173]). 

Diagnosis 

As per genus. 

Description 

Male (based on holotype) 

Carapace (compare juvenile Figures 1A,B): brown, 
centrally somewhat lighter; distinct light brown, 
wide and irregular submarginal bands; indistinct 
dark grey radial pattern; carapace densely covered 
with white and brown setae matching body 
colouration and few black macrosetae which are 
densest between the eyes and along carapace 
margin; dense white setae between PE. 

Sternum: yellow brown with light grey 
pigmentation; covered with dense, adpressed grey 
setae; erect macrosetae along margin. Labium: 
brown; frontal rim white. 

Chelicerae : dark reddish-brown; dense white setae 
mainly in basal half and few black bristles. 


Pedipalp (Figures 2A-C): as per genus description. 

Abdomen (compare juvenile Figure 1A): dark 
lanceolate cardiac mark in anterior half, dark 
transverse zigzag lines in posterior half, otherwise 
mottled with irregular dark and light patches; 
covered with white and brown setae matching 
body colouration and few black macrosetae; venter 
yellow-brown; covered with dense, adpressed grey 
setae. Spinnerets: brown. 

Legs: light brown with distinct dark annulations; 
apical segments, in particular in leg I and II, darker. 
Spination of leg I: femur: 3 dorsal, 1 prolateral, 2 
apicoprolateral, 3 retrolateral; patella: 1 retrolateral; 
tibia 3 ventral pairs, 2 prolateral; 1 retrolateral, 1 
dorsal; metatarsus: 3 ventral pairs, 2 retrolateral. 

Measurements. Male holotype. Total length 21.88, 
carapace length 10.25, carapace width 8.4. Eyes: 
AME 0.33, ALE 0.18, PME 1.09, PLE 0.94. Row of 
eyes: AE 1.94, PME 2.61, PLE 3.73. Sternum (length/ 
width) 5.25/3.50. Labium (length/width) 1.64/1.39. 
Abdomen length 11.50, abdomen width 6.88. Legs: 
lengths of segments (femur+patella+tibia+metat 
arsus+tarsus=total length): Pedipalp 1.64+0.88+ 
1.07+-+1.39=4.98, I 4.10+2.27+4.35+4.54+1.76 = 
17.01, II 4.16+2.21+4.03 + 4.54+1.64=16.57, 
III 3.78+1.95 + 3.15 + 3.91 + 1.64 = 14.43, IV 
4.41+2.02+3.78+4.85+1.89=16.95. 

Female 

Mature females are not known, but penultimate 
females and juveniles agree in general somatic 
characters with the holotype male. Two penultimate 
females are larger than the holotype male 
suggesting sexual size dimorphism with larger 
females. The morphology of the female genitalia is 
unknown. 
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Figure 3 Distribution records of Tapetosa darwini sp. nov. in Western Australia. 
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Etymology 

The specific epithet is a patronym in honour of 
Charles Darwin (1809-1882). 

Life history and habitat preferences 

Tapetosa darwini is found exclusively on granite 
outcrops in Western Australia (Figure 3). It is 
not known with certainty whether the juveniles 
collected from Dunn Rock, near Lake King, Lily 
McCarthy Rock and Walyahmoning Rock are truly 
conspecific with the adult male from McCann's 
Rock. 

The only known male matured in November, and 
penultimate males and females were found both 
before and after winter suggesting reproductive 
activity in early summer (November/December). 
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Abstract - A new monotypic genus of orb-weaving spider (Araneidae) 
with Cyrtobill darwini as type species is described from Australia. A reduced 
piriform spinning field of the anterior lateral spinnerets and the construction 
of a horizontal, dome-shaped orb-web suggest a placement of Cyrtobill in the 
araneid subfamily Cyrtophorinae Simon, 1895. However, the morphology 
of the male pedipalp is unique within the Araneidae as the cymbium has a 
basal, semicircular, sclerotised rim that creates a cymbial concavity. Cyrtobill 
darwini are small spiders of less than 5 mm body length and occur mainly 
in arid habitats such as spinifex grassland in the northern half of Australia 
(mainly north of 30°S latitude). Adult spiders have been found all year 
round; however, the species seems to be predominantly winter mature. We 
propose new generic combinations within the Australasian Cyrtophorinae: 
Cyrtophora crassipes (Rainbow, 1897), comb, nov.; Cyrtophora rainbowi (Roewer, 
1955), comb, nov.; Cyrtophora trigona (L. Koch, 1871), comb. nov. (all originally 
described from Australia); and Cyrtophora gazellae (Karsch, 1878), comb. nov. 
(described from Papua New Guinea). In addition, we provide an updated 
species list for Australian Cyrtophora Simon, 1864. 


INTRODUCTION 

A small "new species" of orb-web spider 
(Araneidae) from Australia displays an intriguing 
thermoregulatory behaviour by adapting the 
resting position under their horizontal orb-web to 
the direction of the sun (Humphreys 1991). During 
the day, when temperature and net radiation are 
high, the spiders precisely track the solar direction 
and altitude and constantly adjust to the "Fabian 
position" i.e. with their longitudinal axis parallel 
to the direction of incident sunlight and with the 
cephalothorax facing away from the sun. The 
precision of the orientation of the spider to the 
solar azimuth and altitude far exceeds that of any 
other spider studied before (Humphreys 1991). 
Comparison of spider and ambient temperature 
suggested that thermoregulation was the most 
likely reason for the spiders' behaviour as they 
appeared to reduce their heat load and thus their 
equilibrium temperature with their environment 
(Humphreys 1991). 

At the time of the study, the "new species" could 
not be identified and the author suggested that 


the species belonged in a new genus within the 
subfamily Araneinae Simon, 1895 (Humphreys 
1991). However, somatic morphology, in particular 
the reduced piriform spinning field of the anterior 
lateral spinnerets (Figure 3B) and the shape and 
horizontal orientation of their tightly meshed web 
(Figure IB) suggest a placement in the araneid 
subfamily Cyrtophorinae Simon, 1895. This 
study describes this new species in a new genus 
of Araneidae to celebrate the 200 th anniversary 
of Charles Darwin's birth in 1809 and the 150 th 
anniversary of the publication of his On the Origin 
of Species by Means of Natural Selection , arguably 
one of the most influential scientific books ever 
published. In addition, we propose a number 
of taxonomic changes within the Australasian 
Cyrtophorinae as our examination of type material 
of Australian Araneidae showed that some 
Cyrtophora are currently placed in araneine genera. 

METHODS 

This study is based on an exhaustive examination 
of Australian museum collections as well as type 
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Figure 1 Cyrtobill darwini gen. nov. and sp. nov.: A, arrangement of webs in Spinifex near Learmonth, Western Austra¬ 
lia; B, female in web. Photographs: W.F. Humphreys. 
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material of relevant species deposited overseas. 
Descriptions are based on specimens preserved 
in 70% ethanol. To accurately determine the 
morphology and topology of male pedipalp 
sclerites, a pedipalp was expanded by repeated 
and alternate submersion in 10% KOH and distilled 
water until maximum expansion occurred. For an 
examination of internal female genitalia in 70% 
ethanol, an epigyne was prepared by submersion 
in 10% KOH for ca. 24 hours. The description of the 
views of the male pedipalp relate to their position 
as a limb, i.e. a full view of the bulb is a retrolateral 
view as in Araneidae the cymbium is situated 
mesally. All measurements are in millimetres (mm). 

Most images were taken with a Leica DFC500 
digital camera that that was attached to a Leica 
MZ16A stereo microscope. Photographs were taken 
in different focal planes (ca. 10-20 images) and 
combined with the Leica Application Suite version 
2.5.0R1. Photographs of expanded male pedipalps 
were taken with a BK+ Imaging System from 
Visionary Digital (http://www.visionarydigital. 
com) equipped with a Canon EOS 40D camera. 
Single images were combined with Helicon Focus 
(version 4.77.4) software from Helicon Soft Ltd., to 
increase depth of field. 

A female specimen was prepared for SEM 
imaging by passing morphological preparations 
through graded ethanol series of 70% to 100%, 
and by subsequent critical point drying in a Baltec 
CPC-030 Critical Point Dryer. Specimens were then 
coated with Platinum-Palladium in a JEOL JFC- 
2300HR high resolution coater prior to scanning at 
7kV in a JEOL JSM-6335F Field Emission Electron 
Microscope. 

Abbreviations 

Morphology: anterior median (AME) and anterior 
lateral (ALE) eyes; carapace length (CL) and width 
(CW); posterior median (PME) and posterior lateral 
(PLE) eyes; total length (TL). Spinnerets: aciniform 
spigot (AC), aggregate spigots (AG), anterior lateral 
spinneret (ALS), cylindrical spigot (CY), major 
ampullate spigot (MAP), minor ampullate spigot 
(mAP), nubbin (n), piriform spigots (PI), posterior 
lateral spinneret (PLS), posterior median spinneret 
(PMS). 

Collections: Australian Museum, Sydney (AM); 
Natural History Museum, London (England) 
(BMNH); Museum Victoria, Melbourne (NMV); 
Queensland Museum, Brisbane (QM); South 
Australian Museum, Adelaide (SAM); Western 
Australian Museum, Perth (WAM); Museum 
fiir Naturkunde, Zentralinstitut der Humboldt- 
Universitat, Berlin (Germany) (ZMB). 


SYSTEMATICS 

Family Araneidae Simon, 1895 

Subfamily Cyrtophorinae Simon, 1895 

Cyrtophoreae Simon 1895: 770. 

Cyrtophorinae Simon: Scharff and Coddington 

1997: 406. 

Remarks 

Simon (1895) established the Cyrtophoreae to 
include the single genus Cyrtophora Simon, 1864 
of which he considered Euetria Thorell, 1890 and 
Hentzia McCook, 1894 junior synonyms. Whilst 
Euetria remains in synonymy of Cyrtophora , 
Hentzia is currently recognised as valid genus 
under its senior synonym Mecynogea Simon, 1903 
(Platnick 2009). Subsequently, many authors have 
placed Cyrtophora and Mecynogea in separate 
subfamilies (see Scharff and Coddington 1997); 
however Coddington (1989) suggested monophyly 
of Mecynogea and Cyrtophora based on spinneret 
morphology; in both genera the piriform 
spinning field on the anterior lateral spinnerets 
(ALS) is reduced posteriorly to a narrow ribbon 
(Coddington 1989: figures 15, 19; Scharff and 
Coddington 1997: figure 58). Furthermore, Levi and 
Coddington (1983) and Scharff and Coddington 
(1997) suggested that the web architecture (a 
horizontal, very tightly woven mesh with an 
extremely tight, permanent non-sticky spiral) of 
Cyrtophora and Mecynogea is diagnostic for the 
subfamily. The web architecture and ALS spinneret 
morphology described above are considered 
synapomorphies for the subfamily Cyrtophorinae. 
Levi (1997) reported similar web architectures for 
the genera Manogea Levi, 1997 and Kapogea Levi, 
1997. The spinneret morphology of these genera 
is, however, unknown. The monotypic genus 
Megaraneus Lawrence, 1968 from Africa does 
not appear to be member of the Cyrtophorinae 
although its single species, M. gabonensis (Lucas, 
1858), had previously been considered to belong to 
Cyrtophora (e.g. Grasshoff 1984; Platnick 2009). The 
web of this species is described as conventional, 
vertical orb-web (Lawrence 1968), an unlikely web 
architecture for the Cyrtophorinae. 

Included genera 

Cyrtobill gen. nov. (monotypic, Australia) (this 
study), Cyrtophora (41 species and 9 subspecies; 
mainly Indo-Australasian region, some species 
from Africa, 1 species in the New World 
(Framenau 2008; Platnick 2009; this study)), 
Kapogea (four species. Central and South America, 
Greater Antilles (Levi 1997)), Manogea (3 species. 
Central and South America (Levi 1997)) and 
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Mecynogea (9 species. New World (Levi 1997)). 

Cyrtobill gen. nov. 

Type species 

Cyrtobill darwini sp. nov. 

Diagnosis 

Cyrtobill males differ from other genera within 
the Cyrtophorinae by the presence of a unique 
and prominent semicircular rim at the base of the 
cymbium of the pedipalp which creates a basal 
concavity on the cymbium (Figure 4B). Females 
differ in the presence of a distinct spoon-shaped 
scape with pocket at its tip and wrinkled epigynal 
plate. 

Description 

Medium-sized (TL ca. 2.5-5 mm) orb-weaving 
spiders, with males of similar size as females. 
Carapace longer than wide, pear-shaped (Figures 
2A,C,E); dorsal profile straight in lateral view; 
surface glabrous but with few white setae mainly 
in cephalic region. Fovea longitudinally V-shaped 
in males, a wide pit in females. Anterior median 
eyes largest, their row wider than that of posterior 
median eyes; row of posterior eyes slightly 
recurved; lateral eyes touching and separated by 
more than their diameter from posterior median 
eyes; posterior median eyes with narrow, canoe¬ 
shaped tapetum. Sternum longer than wide 
(Figures 2B,D,F), with somewhat irregular, lumpy 
surface and with only few setae. Labium wider 
than long. Endites of male with large lateral 
tooth; Cheliceral paturon with 4 promarginal 
teeth, with the second apical much smaller and 3 
retromarginal teeth with the apical largest. Leg 
formula I>II>IV>III (males) or I>IV>II>III (females); 
tibiae I and II of males similarly strong and with 
similar setation; coxae I of male without hook 
and femora II without groove. Abdomen longer 
than wide, extends posteriorly slightly beyond 
spinnerets. Booklung covers smooth. 

Anterior lateral spinnerets (ALS) with more than 
70 piriform spigots (PI), a major ampulate spigot 
(MAP) and a nubbin (n). PI spigot field comma- 
shaped, restricted posteriorly to a narrow ribbon 
(Figures 3A,B). PI spigot bases strongly reduced. 
Posterior median spinnerets (PMS) with one minor 
ampulate gland spigot (mAP), one nubbin (n), one 
cylindrical spigot (CY) and only 8 aciniform spigots 
(AC) (Figure 3C). Posterior lateral spinnerets (PLS) 
with two CY spigots, more than 25 AC spigots and 
two aggregate spigots (AG) (Figure 3D); flagelliform 
spigot absent. 

Male pedipalp femora with small tubercle; 
patellae with a single strong macroseta (Figure 
4A). Paracymbium present, simple and rounded 


(Figure 5C). Cymbium basally with large, almost 
semicircular rim that renders the cymbium 
somewhat triangular in mesal view and creates 
a basal cymbial concavity (Figure 4B). Conductor 
entire, cup-shaped, with well developed distal 
lobe and no basal lobe (Figures 4A, 5A-C). Median 
apophysis triangular and slightly curved, with 
dorso-proximal tooth (Figures 4A, 5A-C). Embolic 
division with radix, stipes, terminal apophysis 
and embolus (Figures 5BC). Radix short and thick, 
basal part broader than apical part, and connected 
to the tegulum via a membrane that is also shared 
with the median apophysis. Apically, the radix is 
connected to a well-sclerotised stipes that carries 
a terminal apophysis distally. Terminal apophysis 
consist of three parts, two heavily sclerotised 
with a pointy, membranous lamella in between 
(Figures 4A,5A,C,D). Distal haematodocha weakly 
developed or absent, paramedian and subterminal 
apophyses absent. The base of the embolus is 
broad and well-defined (separated from stipes by 
a membrane); tip of the embolus uncapped and 
resting on the membranous process of the terminal 
apophysis; embolus otherwise filiform, circular and 
its direction considered anti-clockwise. 

Female epigyne strongly sclerotised, with 
slightly wrinkled basal plate and spoon-shaped 
scape which has a pocket at its tip (Figures 4C,E,F); 
spermathecae spherical with mesal vulval chamber; 
copulatory ducts centrally kinked (Figure 4D). 

The web is a finely-meshed, horizontal and dome¬ 
shaped orb with upper and longer tangle-threads 
and apparently without viscid silk (Figure IB). 

Remarks 

The presence or absence of a subterminal 
apophysis in the male pedipalp is ambiguous and 
dependent on the interpretation of the sclerites 
present on the embolic division, in particular the 
terminal apophysis. Situated apically on the stipes 
is a large complex structure that somewhat wraps 
around the embolus. It consists of three parts: a 
basal, semicircular strongly sclerotised process, 
an apical, two-lobed also strongly sclerotised 
process and in between these two processes 
a third, membranous process that seems to 
accommodate the tip of the embolus (Figure 4A). 
Here, we interpret the whole structure as terminal 
apophysis, but each of the processes could also be 
interpreted as subterminal apophyses I and II (sensu 
Grasshoff 1968). It differs greatly from the terminal 
apophysis of Cyrtophora males which carries 
heavily sclerotised cuspules or ridges (Levi 1997; 
Framenau 2008). The base of the embolus curves 
clockwise following the basal, semicircular branch 
of the terminal apophysis, but extends far beyond 
this and ultimately curves anti-clockwise into the 
apical branch of the terminal apophysis (Figure 
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Figure 2 Cyrtobill darwini sp. nov.: A, B, male holotype (WAM T85254, from ca. 60 km E of Derby, Western Australia), 
dorsal and ventral view; C, D, male (QM S67603 from Drewvale, Queensland), dorsal and ventral view; E, F, 
female paratype (WAM T75407 from Yampire Gorge, Western Australia), dorsal and ventral view. 
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4A). Therefore, we consider the embolus curvature 
anti-clockwise as also present in Cyrtophora 
(e.g. Scharff and Coddington 1997). Other main 
pedipalp sclerites also differ greatly from those 
of Cyrtophora males, for example the triangular 
median apophysis (that is always narrow with a 
wide base in Cyrtophora ) and the narrow conductor 
(that is triangular in Cyrtophora). 

The posterior median spinnerets of Cyrtobill differ 
from those of Cyrtophora and Mecynogea, which 
have a well developed AC brush with more than 15 
AC spigots, in the lower number of AC spigots. The 
flagelliform spigot of the posterior lateral spinnerets 
is missing in Cyrtobill , as it is in Mecynogea (Scharff 
and Coddington 1997). 

Distribution 

Cyrtobill has been found on mainland Australia, 
generally north of 30°S latitude (Figure 6). 

Etymology 

The generic name is a compound noun consisting 
of 'Cyrto-', referring to the araneid subfamily 
Cyrtophorinae, to which the genus is currently 
assigned, and '-bill' honouring Bill Humphreys 
from the Western Australian Museum who initially 
studied the thermoregulatory behaviour of the type 
species (Humphreys 1991). Gender masculine. 

Cyrtobill darwini sp. nov. 

Figures 1-6 

Material examined 

Holotype 

Australia: Western Australia: 60 km E of 
Derby, ca. 17°25'S, 124°10 , E, 21 August 1987, A.E. de 
Jong (WAM T85254). 

Paratypes 

Australia: Western Australia: 2 Yampire 
Gorge, Hamersley Range National Park, 22°22'S, 
118°29 , E], 29 July 1987, B.Y. Main (WAM T75407, 
T85255). 

Other material examined 

Australia: New South Wales: 1 $, Lake 
Munmorah State Recreation Reserve, Geebung, 
33°13'S, 151°34 , E (AM KS17795). Northern Territory: 
1 % Edith Falls, near Katherine, MHl'S, 132°11 , E 
(QM S69327); 1 immature $, Mt Wedge Track 
(Ngalia Basin), 22°58'08"S, 132°02'40 ,, E (WAM 
T85260); 2 S, Ormiston Gorge, 23°37 , S, 132°43'E (QM 
S49265). Queensland: 1 J, Blackdown Tableland, 
via Dingo, 23°50 , S, 149°03'E (QM S83446); 1 
9, Blackdown Tableland, via Dingo, Rainbow 
Creek Road, 23°50 , S, 149°03'E (QM S83445); 1 
$, Bundaberg, 24°52'S, 152°21 , E (QM S83450); 1 


$, 2 juveniles, Cooloola, 26°12 , S, 153°03'E (QM 
S83088); 1 & 1 £, Dipperu National Park, 21°56'S, 
148°43'E (QM S83447); 1 Drewvale, Illaweena St, 
27°38 , 39 ,, S, 153°03'47"E (QM S67603); 1 ° 3 miles 
W of Duaringa, 23°42 ,, S, 149°37 ,, E (QM S83089); 1 
4 3 juveniles, Endfield, ca. 40 mi W of Westmar, 
27°55'S, 149°43 , E (QM S83453); 3 % Isla Gorge, 
25°9'S, 149°56 , E (QM S83451); 1 $, Lake Broadwater, 
27°21 , S, 15TWE (QM S83454); 1 ?, Mt Isa, May 
Downs Station, 20°26 , S, 139°04 , E (QM S49261); 1 ?, 
Mt Moffat National Park, top shelter shed, 25°01'S, 
147°57 , E (QM S83448); 1 $, Mt Moffat, top camp, 
25°0rS, 147°57 , E (QM S83449); 1 9 , Musgrave 
Station, 14°47'S, 143°30'E (QM S83452); 1 % Northern 
Queensland (Gulf) and Roper Estuary, no exact 
locality (NMV K10341); 2 %, 1 juvenile, Teewah 
Creek, Cooloola, 26°05'S, 153°02'E (QM S83101); 2 
$, Weengallon, bore end, 28°21'S, 148°58'E (QM 
S39746). South Australia: 1 4 Melrose, camping 
grounds, 32°49 , S, 138°11 / E (SAM NN24369); 1 §, 
1 juvenile, Middleback Station, 32°57 , S, 137°23'E 
(SAM NN24368); 1 § with eggsacs, Moonabie, 
10 km SW, E Iron Duke, 33°17'S, 137°09'E (SAM 
NN24370). Western Australia: 1 S, Cape Range, 
22°15 , S, 114°43'E (WAM 90/644); 1 4 1 g, Cape 
Range, at camp near Learmonth, 22°15 , S, 114°03'E 
(WAM 90/645-6); 1 j; Cape Range, near park, 
21°55 , S, 114°43'E (WAM T75398); 1 ?, Cape Range, 
New Cave 106, 21°55 , S, 114°43'E (WAM T75404); 1 ?, 
Drysdale River Station, Mt McCrann area, 15°5rS, 
125°57 , E (WAM T75400); 1 $, Glen Herring Gorge, 
21°10 , S, 119°40 , E (WAM T75408); 1 4 Learmonth, 
22°15 , S, 114°05'E (WAM T48336); 1 4 Learmonth, 
1.3 km W, 22°15 , S, 114°04 , E (WAM T75405); 1 4 Mt 
Florence Station, 21°47 , 12 ,, S, 117°52 , 06 ,, E (WAM 
T75415); 3 4 juveniles, Nita Downs, 2 km N, 

19°05 , S, 121°41 , E (WAM T75401); 7 §, 1 juvenile. 
North West Cape Peninsula, 22°15'S, 114°03'E (WAM 
T75399); 1 4 North West Cape Peninsula, near Cave 
Clll, 22°55 , S, 114°00'E (WAM T75406); 2 4 Yampire 
Gorge, Hamersley Range National Park, 22°22'S, 
118°29 , E (WAM T7540203); 1 4 Yampire Gorge, 
Hamersley Range National Park, 22°22'S, 118°29 , E 
(WAM T75402). 

Diagnosis 

As per genus. 

Description 

Male (holotype from 60 km E of Derby, Western 
Australia; WAM T85254) 

Total length 3.43. Carapace (Figure 2A): 1.71 
long, 1.29 wide; glabrous, yellowish-brown, 
grey pigmented median band that forms a fork 
anteriorly (Figure 2A); broad grey pigmented lateral 
bands; very few white setae, somewhat denser in 
eye region; clypeus 0.10 high. Eyes: AME 0.13, ALE 
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Figure 3 Cyrtobill darwini sp. nov., SEM of spinnerets, female (WAM T75400 from Drysdale River Station, Western Aus¬ 
tralia): A, spinnerets, ventral view; B, anterior lateral spinneret, ventral view; C, posterior median spinneret, 
ventral view; D, posterior lateral spinneret, ventral view. Abbreviations: AC, aciniform spigot; AG, aggregate 
spigots; ALS, anterior lateral spinneret; CY, cylindrical spigot; MAP, major ampullate spigot; mAP, minor am- 
pullate spigot; n, nubbin; PI, piriform spigots; PLS, posterior lateral spinneret; PMS, posterior median spin¬ 
neret. 


0.07, PME 0.08, PLE 0.10; row of eyes: AME 0.33, ALE 
0.52, PME 0.21, PLE 0.55. Sternum (Figure 2B): 0.81 
long, 0.43 wide; yellow-brown; posterior two thirds 
with grey-pigmented V-shaped pattern. Labium: 
triangular, nearly twice as wide as long; light 
yellowish-brown, basally dark grey pigmented. 
Endites: yellowish-brown, baso-lateral with dark 
grey pigmented patch; Chelicerae: yellowish- 
brown; few brown setae medially. Pedipalps 
(Figures 4A,B,5A,B): as per genus description. Legs: 
uniformly yellowish-brown with grey spots; similar 
spination on all legs; lengths of segments (femur + 
patella + tibia + metatarsus + tarsus = total length): 
pedipalp 0.21 + 0.19 + 0.10 - + 0.60 = 1.09,11.90 + 0.62 
+ 1.52 + 1.57 + 0.69 = 6.31, II 1.76 + 0.57 + 1.33 + 1.43 


+ 0.62 = 5.71, III 1.19 + 0.43 + 0.71 + 0.86 + 0.48 = 3.67, 
IV 1.86 + 0.43 + 1.19 + 1.57 + 0.57 = 5.62. Abdomen: 
1.86 long, 1.38 wide; light brown with irregular 
silverish-white spots and a large dark grey 
quadrangular spot posteriorly (Figure 2A); venter 
dark grey with some light brown pattern, light 
brown anteriorly of spinnerets; four silvery-white 
patches laterally of which the second is the largest 
(Figure 2B); anterior median spinnerets light brown, 
posterior lateral spinnerets laterally dark grey. 

Variation. Size range: TL 2.93-4.12; CL 1.73-1.85; 
CW 1.27-1.42; n = 3. The overall colouration varies 
and can be much darker than for the holotype 
described above (e.g. Figures 2C,D). 
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Figure 4 Cyrtobill darwini sp. nov.: Male paratype (WAM 90/645, from Learmonth, Western Australia): A, left pedipalp, 
ventral view; B, left pedipalp, dorsal view. Female paratype (WAM T85255, from Yampire Gorge, Western 
Australia): C, epigyne, ventral view; D, epigyne, dorsal view. Female paratype (WAM T75400 from Drysdale 
River Station, Western Australia): E, SEM of epigyne, ventral view; F, SEM of epigyne, lateral view. Scale bar: 
A, B = 0.37 mm; C, D = 0.31 mm. 
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Female (paratype from Yampire Gorge , Hamersley Range 
National Park , Western Australia; T85255) 

Somatic characters of the female agree in general 
details with the male, except in the colouration 
of some body parts: carapace: lateral dark grey 
bands much narrower (Figure 2E). Sternum: very 
dark brown, only anteriorly with a light brown 
patch (Figure 2F). Abdomen ventrally darker, in 
particular in front of spinnerets (Figure 2F). Total 
length 4.24. Carapace: 1.81 long, 1.38 wide; clypeus 
0.08 high. Eyes: AME 0.12, ALE 0.10, PME 0.11, 
PLE 0.09; row of eyes: AME 0.35, ALE 060.06, PME 
0.25, PLE 0.50. Sternum: 1.00 long, 0.81 wide. Legs: 
leg formula I > IV > II > III; lengths of segments 
(femur + patella + tibia + metatarsus + tarsus = total 
length): pedipalp 0.48 + 0.19 + 0.21 + - + 0.67 = 1.55, 
11.90 + 0.71 + 1.43 + 1.48 + 0.67 = 6.19, II 1.71 + 0.67 + 
1.29 + 1.38 +0.64 = 5.69, III 1.14 + 0.48 + 0.71 + 0.86 + 
0.48 = 3.67, IV 1.86 + 0.62 + 1.19 + 1.52 + 0.57 = 5.76). 
Abdomen: 2.86 long, 1.86 wide. 

Epigyne (Figures 4C-F): as per genus description. 

Variation. Size range: TL 2.77-4.93; CL 1.31-2.04; 
CW 0.81-1.39; n = 11. 

Remarks 

Despite an exhaustive examination of the 
Araneidae in all major Australian museum 
collections only a single species of Cyrtobill was 
recovered. The somatic morphology of C. darwini 
is somewhat similar to some species of Cyrtophora, 
in particular C. cicatrosa (Stoliczka, 1869) which 
has been found in the tropical northern parts 
of Australia (VWF unpublished data), but the 
genital morphology of Cyrtobill and Cyrtophora (e.g. 
Framenau 2008) are very different. 

Life history and habitat preferences 

Throughout Australia, adult C. darwini have been 
found all year round; however, the species seems 
to be winter mature in Western Australia and 
Northern Territory, with most records between July 
and September. In Queensland most adults were 
caught between December and February. 

Cyrtobill darwini has commonly been found in dry 
grassland such as spinifex (Figure 1A), but also in 
heathland, under scribbly gum (Eucalyptus racemosa ) 
and one record is from bluebush (Chenopodium spp.). 
Here the spiders build a horizontal finely-meshed, 
horizontal and dome-shaped orb web with upper 
and lower tangle-threads and apparently without 
sticky silk (Figure IB; Humphreys 1991); however 
a variety of web names have been reported with 
collected specimens (e.g. 'orb-web', 'tent-web' or '3D 
tangle web'). The lack of sticky silk is supported by 
spinneret morphology, since the posterior lateral 
spinnerets lack a flagelliform spigot. 


Distribution 

As per genus. 

Etymology 

The specific epithet is a patronym honouring 
Charles Darwin (1809-1882). 

Cyrtophora Simon, 1864 

Euetria Thorell 1890: 109 (synonymy established in 

Simon 1895). 

Suzumia Nakatsudi 1943: 184 (synonymy established 

in Yaginuma 1958). 

Type species 

Aranea citricola Forsskal 1775, by subsequent 
designation of Simon (1895). 

Diagnosis 

Cyrtophora differs from other araneid genera 
(excluding Argiope Audouin, 1826, Gea C.L. Koch, 
1843, Manogea Levi, 1997, Mecynogea Simon, 1903 
and Kapogea Levi, 1997) by having the second to 
fourth combined patella and tibia slightly shorter 
than the femur of the same leg and shorter than the 
combined metatarsus and tarsus of the same leg, 
by relatively heavy legs and by a slight separation 
of the lateral eyes (Levi 1997). Cyrtophora differs 
from Argiope , Gea and Mecynogea by a recurved or 
straight posterior eye row, from Manogea by a wider 
cephalic region and from Kapogea by a combination 
of somatic and genitalic characters, including an 
embolus that is placed near the median apophysis 
and being supported by a conductor (Levi 1997). 
Cytophora differs from Cyrtobill by genitalic 
characters, in particular the absence of a basal 
cymbium concavity in the male pedipalp and 
the absence of a scape in the female epigyne (see 
above). 

Description 

It is not possible to provide an encompassing 
description for Cyrtophora as part of this study 
as this would require an extensive review of 
all currently described species. Whilst there is 
considerable variability in somatic characters 
within the genus, the genitalia of male and female 
Cyrtophora are fairly uniform. Characteristic male 
pedipalp sclerites include an embolus with anti¬ 
clockwise direction, a reduced median apophysis 
that forms a narrow or linear spur with a broad 
base pointing in mesal direction (i.e. away from 
the pedipalp bulb), a triangular conductor and a 
terminal apophysis that is covered with sclerotised 
cuspules or ridges. The female epigyne has a 
characteristic sinuous anterior rim without a 
distinct scape and the spermathecae are large and 
globular (e.g. Chrysanthus 1960, 1972; Levi 1997; 
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Figure 5 Cyrtobill darwini sp. nov.: A, B, male (WAM 90/644 from Cape Range, Western Australia): A, expanded right 
pedipalp, ventral view; B, expanded right pedipalp, mesal view. Male paratype (WAM 90/ 645, from Lear- 
month. Western Australia): C, expanded left pedipalp, ventral view; D, expanded left pedipalp, dorsal view. 
Scale bar: C, D - 0.45 mm. 
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Scharff and Coddington 1997; Framenau 2008). 
Sexual size dimorphism is pronounced in all 
species in which males are known, with females 
up to 6 times larger than males (e.g. Chrysanthus 
I960, 1972; Levi 1997; Framenau 2008). Cyrtophora 
construct tightly woven, horizontal orb-webs with a 
network of supporting threads above. As the web is 
generally elevated centrally, it is often called "tent- 
web" or "dome-shaped". 

Cyrtophora in Australia 

Following this study, 14 valid species of 
Cyrtophora are reported from Australia, including 
one, C. unicolor (Doleschall, 1857), only known from 
the Indian Ocean territory of Christmas Island 
(Table 1). Three species are here transferred from 
other araneid genera following the examination of 


type material as part of a revision of the Australian 
Araneidae. A further three species originally 
described from elsewhere in the Oriental region 
are here reported for Australia for the first time. 
Highest diversity of Cyrtophora in Australia is in the 
tropical north, although one species, C. parnasia L. 
Koch, 1872, can be found in the temperate regions 
as far south as Tasmania (e.g. Hickman 1928). 

Cyrtophora has not been revised since its original 
description although a number of Australasian 
species have been reviewed in a series of studies 
on New Guinea spiders (Chrysanthus 1959, 1960, 
1971, 1972). Consequently, the species list presented 
here must be considered preliminary pending a 
comprehensive world-wide revision of Cyrtophora at 
the species level. 


Table 1 Australian representatives of the orb-weaving spider genus Cyrtophora with comments on their 
distribution. 


Species 

Comments on distribution in Australia 

C. beccarii 
(Thorell, 1878) 

Here firstly recorded from Australia based on a female from Wessel Island, Northern 
Territory (SAM NN820); originally described from Amboina, Papua New Guinea. 

C. cicatrosa 
(Stoliczka, 1869) 

Here firstly reported for Australia based on females from Pickertaramor (SAM 
NN25846-7) and Cahills Crossing, both Northern Territory (WAM T75409-10); 
originally described from Kolkata, India. 

C. citricola 
(Forsskal, 1775) 

Presence in Australia through a synonymy with C. sculptilis L. Koch, 1872 (type locality 
Bowen, Queensland) by Simon (1895, p. 775, footnote (1)); also some specimens identified 
as this species in AM and QM. 

C. cordiformis 
(L. Koch, 1871) 

Originally described from Australia (type locality Port MacKay, Queensland); common 
in Queensland. 

C. crassipes 

(Rainbow, 1897), comb. nov. 

Originally described from Australia (type locality Guildford, New South Wales). 

C. cylindroides 
(Walckenaer, 1842) 

Presence in Australia through synonymy with Epeira nephilina L. Koch, 1871 (type 
locality Port MacKay, Queensland) and Epeira viridipes Doleschall, 1859 (reported from 
Peak Downs, Queensland by Keyserling (1887)) by Simon (1895, p. 775, footnote (2)); 
specimens from Queensland identified as this species in QM and AM. 

C. exanthematica 
(Doleschall, 1859) 

Listed in Australia by Keyserling (1887) from Rockhampton and Cape York, both 
Queensland; common in Queensland; few specimens from New South Wales in AM. 

C. hirta 

L. Koch, 1872 

Originally described from Australia (type locality Bowen, Queensland); common in 
Queensland; few specimens from New South Wales in AM. 

C. moluccensis 
(Doleschall, 1857) 

Reported for Australia, for example, in Chrysanthus (1959); common in Queensland. 

C. monulfi 

Chrysanthus, 1960 

Here firstly recorded from Australia based on a female from Darwin, Northern 

Territory (QM S12067); originally described from Merauke, Papua New Guinea. 

C. parnasia 

L. Koch, 1872 

Originally described from Australia (type locality Bowen, Queensland); only species 
common in temperate regions, e.g. into Tasmania (Hickman 1928) and in southern 
Western Australia (VWF pers. obs.). 

C. rainbowi 

(Roewer, 1955), comb. nov. 

Originally described as Epeira pallida Rainbow, 1897 from Australia (type locality 
Guildford, New South Wales). 

C. trigona 

(L. Koch, 1871), comb. nov. 

Originally described as Epeira trigona L. Koch, 1871 from Australia (type locality Port 
Mackay, Queensland). 

C. unicolor 
(Doleschall, 1857) 

Christmas Island (Australian Indian Ocean territory), currently not known from 
mainland Australia (Framenau 2008). 
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Figure 6 Cyrtobill darwini sp. nov.: distribution records in Australia. 


Cyrtophora crassipes (Rainbow, 1897), comb. nov. 

Epeira crassipes Rainbow, 1897: 515-517, plate 17, 
figures 2, 2a. 

Araneus crassipes (Rainbow): Rainbow 1911: 184; 
Bonnet 1955: 471. 

Aranea crassipes (Rainbow): Roewer 1942: 826. 

Material examined 

Syntypes 

Australia: New South Wales: 3 1 juvenile, 

Guildford, 33°50'S, 150°59'E (AM KS6511); 1 female, 
6 juveniles, same data (AM KS6512). 

Remarks 

Somatic and genital morphology of the four 
female syntypes of Epeira crassipes undoubtedly 
identify this species as belonging to Cyrtophora. In 
addition, the description of the web of this species 
by Rainbow (1897, p. 534) reflects the typical shape 
of a Cyrtophora snare: 'The orb-like mesh of this 


spider is always suspended horizontally, and the 
radii and concentric rings are exceedingly fine and 
closely woven". Therefore, we transfer this species 
to Cyrtophora , C. crassipes (Rainbow, 1897), comb, 
nov. 

Cyrtophora rainbowi (Roewer, 1955), comb. nov. 

Epeira pallida Rainbow, 1897: 514-515, plate 17, figure 
1. 

Cyclosa pallida (Rainbow): Rainbow, 1909: 219; 
Rainbow 1911: 180. 

Cyclosa rainbowi Roewer, 1955: 758 (replacement 
name for Epeira pallida Rainbow, 1897, preoccupied 
by Epeira pallida Walckenaer, 1805). 

Material examined 

Syntypes 

Australia: New South Wales: 2 $, Guildford, 
33°50'S, 150°59'E (AM KS6527). 
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Remarks 

Somatic and genitalic morphology of the two 
female syntypes unequivocally conform to the 
diagnosis and description of Cyrtophora as above 
and therefore we propose the transfer of this 
species this genus, C. rainbowi (Roewer, 1955), comb, 
nov. Rainbow (1897) described this species in the 
same publication and from the same locality as C. 
crassipes and also confirms similar web architecture 
for both species (Rainbow 1897; p. 535: "E. pallida 
(...) fabricates a snare and nest like the one just 
described" [= C. crassipes ]). It is therefore surprising 
that Rainbow (1909) subsequently transferred 
this species to Cyclosa Menge, 1866 although he 
reiterated in the same publication the unusual web 
architecture of Australian Cyrtophora. 

Cyrtophora trigona (L. Koch, 1871), comb. nov. 

Epeira trigona L. Koch, 1871: 50-51, plate 4, figures 1, 
la-b; Bradley 1876: 144; Karsch 1878: 789; Thorell 
1881: 687. 

Araneus trigonus (L. Koch): Rainbow 1898: 340; 
Rainbow 1899: 112; Rainbow 1916: 99; Bonnet 1955: 
616; Rack 1961: 25. 

Araneus trigona (L. Koch): Rainbow 1911:195. 

Aranea trigona (L. Koch): Roewer 1942: 834. 

Material examined 

Syntypes 

Australia: Queensland: 1 $, Port Mackay, 21°10 , S, 
149°14 , E (BMNH 1915.3.5.1242); 1 $, same locality. 
Museum Godeffroy 7474 (ZMH Rack (1961)-catalog 
no. 283). 

Remarks 

Somatic and genitalic morphology of the female 
syntypes of Epeira trigona clearly conform to the 
genus Cyrtophora. Consequently, we here transfer 
the species to Cyrtophora, C. trigona (L. Koch, 1871), 
comb. nov. Somatic morphology of C. trigona is 
similar to that of C. unicolor (Doleschall, 1857), 
however it lacks the strong tubercles on the 
carapace of females (e.g., Framenau 2008). 

Rack (1961) listed the female lodged in ZMH 
as holotype; however it remains unclear from L. 
Koch's (1871) original description if the species is 
based on a single holotype or multiple specimens. 
As both specimens listed above are equally likely 
types we consider them here as syntypes. 

Cyrtophora gazellae (Karsch, 1878), comb nov. 

Epeira gazellae Karsch, 1878: 803-804; Thorell 1881: 
687. 

Aranea gazellae (Karsch): Roewer 1942: 828. 


Araneus gazellae (Karsch): Bonnet 1955: 506. 

Material examined 

Holotype 

Papua New Guinea: New Britain: 1 % Gazelle 
Peninsula, ca. 4°20'S, 152°00'E, Gazelle Expedition 
(ZMB 2587). 

Remarks 

The holotype female of Epeira gazellae 
unequivocally belongs to the genus Cyrtophora, 
based on somatic and genitalic characters as 
described for the genus above. Therefore we here 
propose the new placement in Cyrtophora, C. gazellae 
(Karsch, 1878) comb. nov. 

Cyrtophora gazellae was originally described from 
Papua New Guinea and is currently not considered 
part of the Australian fauna. However, as a number 
of originally Papuan species were subsequently 
found in tropical northern Australia, the taxonomic 
change of this species is included here to facilitate 
incorporating it in a future review of Australian 
Cyrtophora and a revision of Cyrtophora as a whole. 
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Abstract - The widespread halophilic genus Paraliochthonius Beier is recorded 
from Australasia for the first time, and two new species are recorded: P. 
darwini from tropical northern Australia and P. vachoni from New Caledonia. 
Paraliochthonius darwini is based upon several adults and a tritonymph, 
whilst P. vachoni is based on a male and a tritonymph. A key to the species 
of Paraliochthonius is presented, and the taxonomic status of P. insulae Hoff 
(from Jamaica), P. puertoricensis Muchmore (from Puerto Rico), P. johnstoni 
(Chamberlin) (from Mexico) and P. mexicanus Muchmore (from Mexico) is 
assessed, with Paraliochthonius mexicanus being removed from synonymy with 
P. johnstoni and regarded as a distinct species. New terms are proposed for two 
morphologies of the chelal teeth: diastemodentate for teeth in which a gap is 
present between adjacent teeth, and juxtadentate for teeth that are abutting 
each other. 


Keywords: new species, morphology, taxonomy, Australia, New Caledonia 


INTRODUCTION 

Representatives of several pseudoscorpion genera 
occur exclusively in halophilic habitats. The genera 
Paraliochthonius Beier, 1956 (Vachon 1960; Beier 1963; 
Hoff 1963; Muchmore 1972; Lee 1979; Muchmore 
1984b; 1994) (Chthoniidae), Garypus L. Koch, 
1873 (Wagenaar-Hummelinck 1948; Beier 1963; 
Lee 1979) (Garypidae), Anagarypus Chamberlin, 
1930 (Muchmore 1982) (Garypidae), Halobisium 
Chamberlin, 1930 (Schulte 1976) (Neobisiidae), 
Parahya Beier, 1957 (Harvey 1991b; Harvey et al. 
2007) (Parahyidae), Nipponogarypus Morikawa, 1955 
(Morikawa 1955) (Olpiidae), Nannochelifer Beier, 
1967 (Beier 1967c; Harvey 1984) (Cheliferidae), 
Epactiochernes Muchmore, 1974 (Muchmore 1974) 
and Mucrochernes Muchmore, 1973 (Muchmore 
1973, 1984a) are either totally or mostly restricted 
to sea-shore environments. In addition, individual 
species of other genera are endemic to intertidal 
habitats, including species of Chthonius C.L. 
Koch, 1843 (Hadzi 1933) (Chthoniidae), Neobisium 
Chamberlin, 1930 (Gabbutt 1962, 1965, 1966) 
(Neobisiidae), Pachyolpium Beier, 1931 (Mahnert 
and Schuster 1981) (Olpiidae), Serianus Chamberlin, 
1930 (Lee 1979) (Garypinidae), Mexachernes Hoff, 
1947 (Lee 1979), Parachernes Chamberlin (Muchmore 


and Alteri 1969) and Pselaphochernes Beier, 1932 
(Beier 1956) (Chernetidae). The biological traits of 
littoral pseudoscorpions have been rarely studied, 
but notable studies include investigations into the 
ecology of Neobisium maritimum (Leach, 1817) by 
Gabbutt (1962, 1966) and of Pachyolpium atlanticum 
Mahnert and Schuster, 1981 by Mahnert and 
Schuster (1981), and a taxonomic and ecological 
review of the littoral pseudoscorpions of Baja 
California, Mexico (Lee 1979). 

Recent collecting in intertidal habitats in tropical 
Australasia has revealed the first populations of 
the chthoniid genus Paraliochthonius , one on an off¬ 
shore island near the Kimberley coast in northern 
Western Australia, another at Darwin, Northern 
Territory, and a third on the south-western Pacific 
island of New Caledonia. These species, the first of 
the genus to be found in the Australasian region, 
are described in this contribution. 

This paper is dedicated to Charles Robert Darwin 
(1809-1882) in recognition of his contributions to 
science. 

MATERIAL AND METHODS 

The specimens used in this study are lodged in 
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the American Museum of Natural History, New 
York (AMNH), the Museum and Art Gallery of the 
Northern Territory, Darwin (MAGNT), Museum 
d'Histoire Naturelle, Geneva (MHNG), Museum 
National d'Histoire Naturelle, Paris (MNHN) and 
the Western Australian Museum, Perth (WAM). 
The specimens were studied using temporary slide 
mounts prepared by immersion of specimens in 
lactic acid at room temperature for several days, 
and mounting them on microscope slides with 10 
or 12 mm coverslips supported by small sections 
of 0.25, 0.35 or 0.50 mm diameter nylon fishing 
line. After study the specimens were returned to 
75% ethanol with the dissected portions placed 
in 12 x 3 mm glass genitalia microvials (BioQuip 
Products, Inc.). Specimens were studied using a 
Leica MZ-16A dissecting microscope and Olympus 
BH-2 and Leica DM2500 compound microscope, 
the latter fitted with interference contrast, and 
illustrated with the aid of a drawing tube attached 
to the compound microscopes. Measurements were 
taken at the highest possible magnification using 
an ocular graticule. Terminology and mensuration 
mostly follow Chamberlin (1931), with the exception 
of the nomenclature of the pedipalps, legs and with 
some minor modifications to the terminology of the 
trichobothria (Harvey 1992). 

The maps were produced with the computer 
program ArcMap 9.1 (ESRI, http://www.esri.com) 
after the relevant locality data were stored in an 
Access (Microsoft) database. 

SYSTEMATICS 

Family Chthoniidae Daday, 1888 
Subfamily Chthoniinae Daday, 1888 
Tribe Tyrannochthoniini Chamberlin, 1962 

Tyrannochthoniini Chamberlin, 1962: 310; 

Muchmore, 1972: 249; Judson 2007: 57; Harvey 

2009 [unpaginated]. 

Remarks 

First proposed by Chamberlin (1962), the 
tribe Tyrannochthoniini was recently relimited 
and diagnosed by Judson (2007) to include six 
genera, Lagynochthonius Beier, 1951, Maorichthonins 
Chamberlin, 1925, Paraliochthonius Beier, 1956, 
Troglochthonius Beier, 1939, Tyr anno chthonius 
Chamberlin, 1929 and Vulcanochthonius Muchmore, 
2000, and was thoroughly diagnosed on a series of 
features including the presence of one or two rows 
of chemosensory setae on the dorsal surface of the 
chelal hand, coxal spines only present on coxae II; 
intercoxal tubercle absent; cuticle of anterior part of 
carapace very thin; submedian setae of anterior row 


of carapace lost; lamina superior broad and strongly 
fimbriate; spinneret of movable finger of chelicera 
absent or a low tubercle; trichobothria ib and isb 
situated slightly proximad of middle of chelal palm; 
sensilla pi and p2 of movable chelal finger separate 
(not contiguous); male sternite III elongate medially, 
with very long notch; epigean species often with 
strong olive pigmentation. Many of these features 
are not found exclusively in the Tyrannochthoniini, 
and occur in other chthonioid pseudoscorpions. 

Whilst based on only three species - Tyrann- 
ochthonius sp. from Colombia, Lagynochthonius 
johni (Redikorzev, 1922) from Indonesia, and a 
species of Par alio chthonius from north-western 
Australia, named in this paper as P. darwini 
- the molecular analysis by Murienne et al. 
(2008) found small support for a monophyletic 
Tyrannochthoniini. The best support for a clade 
containing these three species was found with 
a combined analysis using all three genes (COl, 
18S and 28S) and with the nuclear genes alone 
(18S and 28S), but not with the COl analysis. In 
the combined analysis and the analysis using the 
nuclear genes, the Tyrannochthoniini formed the 
sister-group to Austrochthonius + Drepanochthonius. 
Par alio chthonius formed the sister-group to 
Tyrannochthonius + Lagynochthonius in the combined 
analysis, but the nuclear genes analysis found 
Par alio chthonius grouping with Lagynochthonius, 
with Tyrannochthonius as the sister-group to these. 

Chelal teeth morphology 

Chthonioid pseudoscorpions have long been 
recognized as having differing tooth morphologies, 
which have been utilized at both specific and 
generic levels to distinguish between taxa. 
The terms homodentate, for teeth that are 
approximately equal sized throughout the length 
of the tooth row, or heterodentate, for teeth that 
have alternating sizes throughout the length of 
the tooth row, have been in use since Chamberlin 
(1929). There are also differences in the spacing 
of the chelal teeth, in which the teeth are either 
widely spaced such that a gap is present between 
most teeth, or in which the teeth are contiguous 
such that the teeth abut against each other. The 
terms 'diastemodentate' ( diastema , Greek, space 
between, interval, and dentatus, Latin, tooth), and 
'juxtadentate' ( juxta , Greek, near, close, next to, 
nigh, and dentatus ) (Greek and Latin translations 
from Brown 1956), are here proposed for these 
variant tooth morphologies. 

Genus Par alio chthonius Beier, 1956 

Paraliochthonius Beier, 1956: 58-59; Beier 1963: 76; 

Hoff 1963: 23; Muchmore 1972: 250-252; Murthy 

and Ananthakrishnan 1977: 12-13; Muchmore 

1984: 121; Harvey 1991: 193; Gardini 1994: 1; 
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Morikawia Chamberlin, 1962: 311-312 (synonymised 
by Muchmore 1972: 250). 

Stygiochthonius Carabajal Marquez, Garcia 
Carrillo and Rodriguez Fernandez, 2001: 8-9 
(synonymised by Judson 2007: 58). 

Type species 

Par alio chthonius: Chthonius singularis Menozzi, 
1924, by original designation. 

Morikawia : Chthonius johnstoni Chamberlin, 1923, 
by original designation. 

Stygiochthonius : Stygiochthonius barrancoi 
Carabajal Marquez, Garcia Carrillo and Rodriguez 
Fernandez, 2001, by original designation. 

Diagnosis 

Species of Paraliochthonius differ from other tyran- 

Table 1 


nochthoniine chthoniids by the following 
combination of characters: antero-median seta 
of carapace not close to epistome (Figures 8, 20); 
internal margin of chelal hand with at least one, 
and usually two or more, enlarged spine-like setae 
which are not situated on greatly enlarged bases 
(Figures 12,24). 

Remarks 

Eighteen species of Paraliochthonius are currently 
named (Harvey 2009; Table 1), and evidence is 
here provided for the recognition of two new 
species from Australasia, and for removing P. 
mexicanus Muchmore, 1972 from the synonymy 
of P. johnstoni , thus bringing the total to 21 
species. A further 16 species have in the past been 
attributed to Paraliochthonius or its junior synonym 
Morikawia (Beier 1964, 1965, 1966, 1967a, 1967b, 
1969, 1974b, 1974a, 1976, 1977), but these species 


List of named species of Paraliochthonius, and their distributions and habitat. 


Species 

Distribution 

Habitat 

Europe (Figure 4) 

Paraliochthonius barrancoi (Carabajal Marquez, 
Garcia Carrillo and Rodriguez Fernandez, 2001) 

Spain (Andalucia) 

Troglobitic 

Paraliochthonius singularis (Menozzi, 1924) 

Croatia, France (mainland), Greece, Italy 
(mainland, Sardinia, Sicily), Turkey 

Epigean 

Macaronesian Islands (Figure 5) 

Paraliochthonius canariensis Vachon, 1961 

Spain (Canary Islands) 

Epigean 

Paraliochthonius cavalensis Zaragoza, 2004 

Portugal (Madeira) 

Troglobitic 

Paraliochthonius curvidigitatus (Mahnert, 1997) 

Spain (Canary Islands) 

Troglobitic 

Paraliochthonius hoestlandti Vachon, 1960 

Portugal (Madeira) 

Epigean 

Paraliochthonius martini Mahnert, 1989 

Spain (Canary Islands) 

Troglobitic 

Paraliochthonius mirus Mahnert, 2002 

Spain (Canary Islands) 

Troglobitic 

Paraliochthonius setiger (Mahnert, 1997) 

Spain (Canary Islands) 

Troglobitic 

Paraliochthonius superstes (Mahnert, 1986) 

Spain (Canary Islands) 

Troglobitic 

Paraliochthonius tenebrarum Mahnert, 1989 

Spain (Canary Islands) 

Troglobitic 

Africa (Figure 2) 

Paraliochthonius azanius Mahnert, 1986 

Kenya 

Epigean 

Caribbean, Mexico (Figure 3) 

Paraliochthonius carpenteri Muchmore, 1984 

The Bahamas 

Epigean 

Paraliochthonius insulae Hoff, 1963 

Jamaica 

Epigean 

Paraliochthonius johnstoni (Chamberlin, 1923) 

Mexico (Baja California Sur) 

Epigean 

Paraliochthonius mexicanus Muchmore, 1972 

Mexico (Jalisco) 

Epigean 

Paraliochthonius puertoricensis Muchmore, 1967 

Puerto Rico 

Epigean 

Paraliochthonius weygoldti Muchmore, 1967 

U.S.A. (Florida) 

Epigean 

Australasia (Figure 6) 

Paraliochthonius darwini, sp. nov. 

Australia (Northern Territory, Western Australia) 

Epigean 

Paraliochthonius takashimai (Morikawa, 1958) 

Japan 

Epigean 

Paraliochthonius vachoni, sp. nov. 

New Caledonia 

Epigean 
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Figure 1 Paraliochthonius darwini, sp. nov., dorsal as¬ 
pect of paratype male from Berthier Island, 
Western Australia (WAM T85186). 

were subsequently transferred to Tyrannochthonius 
by Muchmore (1984b), Mahnert (1986) and 
Harvey (1989). Whilst our knowledge of the 
species included within Paraliochthonius is now 
sufficient that it can be readily distinguished from 
Tyrannochthonius, Lagynochthonius, Vulcanochthonius 
and Maorichthonius (Muchmore 1972, 1984b, 
2000; Judson 2007), it has yet to be adequately 
distinguished from Troglochthonius which is known 
from two troglobitic species, the type species T. 
mirahilis Beier, 1939 from Bosnia-Herzegovina 
and Croatia, and T. doratodactylus Helversen, 1968 
from Croatia and Italy (Figure 4). Helversen (1968), 
Muchmore (1972) and Judson (2007) noted the great 
resemblance between species of Paraliochthonius 
and Troglochthonius, with Muchmore (1972) even 
stating "It would seem preferable to consider 
Troglochthonius as a polyphyletic group (subgenus) 
of the genus Paraliochthonius...". This suggestion 
has not since been adopted and, in any case, 
Troglochthonius predates Paraliochthonius by 17 
years so any form of synonymy would result in 
the priority of Troglochthonius over Paraliochthonius 
(Judson 2007). The similarity of the carapacal 
setation, especially with the anterior-median setae 
not being situated adjacent to the epistome, and the 
presence of large spines on the internal margin of 
the chelal hand suggests that they are very similar, 
if not synonymous. There appear to be very few 


characters that distinguish the two genera (Judson 
2007). Species of Paraliochthonius have homodentate 
chelal teeth, whereas species of Troglochthonius have 
heterodentate teeth. Tooth morphology is variable 
within other chthoniid genera which comprise both 
homodentate and heterodentate species, e.g. species 
of Chthonius (e.g. Beier 1963), Lagynochthonius (e.g. 
Harvey 1988) and Tyrannochthonius (e.g. Beier 1976; 
Edward and Harvey 2008). The first four tergites 
of Paraliochthonius usually have a setal formula 
of 4 (or very occasionally 3): 4: 4-6: 4-7, whereas 
both species of Troglochthonius have only 2 setae 
on each of tergite I-IV. This feature is also highly 
variable within other chthoniid genera, and is likely 
to represent a poor feature to define genera. The 
epistome of Paraliochthonius is usually prominent 
and triangular, being about twice as long as 
broad, whereas the epistome of Troglochthonius 
is either absent (Helversen 1968) or small (Beier 
1939). A complete redescription of the type species 
of Troglochthonius is necessary before any such 
synonymy can be proposed. 

The status of Paraliochthonius mexicanus 
Paraliochthonius mexicanus was described by 
Muchmore (1972) from a single female collected 
at La Manzanilla, Bahia Tenacatita (19°17 , N, 
104°50'W), Jalisco, Mexico. It was compared with 
P. johnstoni, described from a single female from 
Puerto Escondido, Baja California Sur, Mexico 
(25°49 , N, 111°19 , W) by Chamberlin (1923) and later 
redescribed by Chamberlin (1962). Muchmore (1972) 
found P. mexicanus to be somewhat larger than P. 
johnstoni; for example, the chela length of the female 
holotype of P. mexicanus was reported as 1.08 mm 
(Muchmore 1972), whereas the female holotype of P. 
johnstoni was given as 0.761 mm (Chamberlin 1962). 
He also found differences in the size of the chelal 
hand, the more slender legs, and differences in the 
numbers of setae on tergites V-IX: 7: 7: 8: 7: 7 in P. 
mexicanus and 6: 6: 6: 6: 6 in P. johnstoni. Lee (1979) 
examined the holotype of P. johnstoni and found 
the chaetotaxy of tergites V-IX to be 7: 7: 7: 7: 7, 
thus diminishing some of the differences between 
these two species. Additional female specimens 
of P. johnstoni from Baja California were found to 
have 7-8: 8-10: 7-8: 7-8: 2P(1-2)P2 setae on tergites 
V-IX, and a chela length of 0.58-0.63 mm. Lee (1979) 
then synonymized P. mexicanus with P. johnstoni, 
claiming that the diagnostic features of P. mexicanus 
simply represented intraspecific variation. Despite 
the lack of any distinct differences in the tergal 
setal patterns of P. johnstoni and P. mexicanus, there 
seems to be sufficient evidence that the specimen 
from Jalisco represents a different species to that 
from Baja California. The lengths of the female 
pedipalpal chela, 1.08 mm in P. mexicanus and 0.58- 
0.76 mm in P. johnstoni, are sufficiently distinct from 
each other to suggest species differentiation. This 
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Figures 2-6 Maps showing known distribution of species of Paraliochthonius and Troglochthonius: 2, World map show¬ 
ing P. azanius Mahnert and P. takashimai (Morikawa); 3, Central America showing P. carpenteri Muchmore, P. 
insulae Hoff, P. johnstoni (Chamberlin), P. mexicanus Muchmore, P. puertoricensis Muchmore and P. weygoldti 
Muchmore; 4, Mediterranean region showing P. barrancoi (Carabajal Marquez, Garcia Carrillo and Rodri¬ 
guez Fernandez) and P. singularis (Menozzi); 5, Macaronesian Islands showing P. canariensis Vachon, P. cava- 
lensis Zaragoza, P. curvidigitatus (Mahnert), P. hoestlandti Vachon, P. martini Mahnert, P. mirus Mahnert, P. 
setiger (Mahnert), P. superstes (Mahnert) and P. tenebrarum Mahnert; 6, Australasia showing Paraliochthonius 
darwini, sp. nov. and P. vachoni, sp. nov. 


size difference is also accordance with differences 
reported between other species of Paraliochthonius. 
Therefore, I hereby remove P. mexicanus from the 
synonymy of P. johnstoni, and recognize it as a 
distinct species. Whilst P mexicanus is ostensibly 
distinct from P johnstoni, it is similar to several 


other named species of the genus. For example, the 
chela length of 1.08 mm is similar to P. carpenteri 
Muchmore, 1984 ($, 1.125-1.21 mm) from the 
Bahamas, P. canariensis Vachon, 1961 (<$, 0.94 mm) 
from the Canary Islands, P. insulae Hoff, 1963 
(5, 0.95 mm) from Jamaica and P. puertoricensis 
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Muchmore, 1967 0, 1.07-1.09 mm, 1.11 mm) from 
Puerto Rico. However, the presence of three thick 
spines on the internal margin of the chelal hand in 
P. carpenteri and P. canariensis, four thick spines in 
P. insulae and P. puertoricensis , and only two thick 
spines in P. johnstoni and P. mexicanus suggests that 
P. mexicanus is distinct from these taxa. 

The status of Par alio chthonius puertoricensis 

Paraliochthonius insulae was described from a 
single female from Jamaica (Hoff 1963) and P. 
puertoricensis from two males, a female and a 
tritonymph from Puerto Rico (Muchmore 1967), 
some 1,000 km apart. I have examined all four 
adult specimens (lodged in AMNH) and found 
that in most morphological features P. insulae 
and P. puertoricensis are virtually identical. The 
arrangement of the chelal spines on the internal 
margin of the chelal hand is the same, with 2 
large spines basally, one near the base of the chelal 
fingers and another slightly more distally, even 
though the illustrations provided by Hoff (1963) 
and Muchmore (1967) do not adequately show 
these spines. The anterior eye of both species is 
large, with the posterior eye reduced (Hoff 1963; 
Muchmore 1967). The dorsum of the chelal hand 
and fixed chelal finger bears 22 chemosensory setae 
in all four adults. The only noticeable differences 
are in the shape of the chelal teeth, where every 
second tooth is smaller and medially offset in 
P. puertoricensis , and are not smaller or offset 
in P. insulae , and in the slightly larger size of P. 
puertoricensis [e.g. chela length 1.07-1.09 0), 1.11 (?) 
mm] than P. insulae (e.g. chela length 0.95 ($) mm). 
Further specimens of Paraliochthonius are required 
from the Caribbean region to assess whether these 
slight differences are adequate to support the 
recognition of two separate species. 

KEY TO SPECIES OF PARALIOCHTHONIUS 

1. Two pairs of eyes present, with at least the 
anterior eye represented by a distinct cornea.. 

.2 

Eyes absent, or with only 1 or 2 pairs of faint 


eye-spots; eyes never corneate. 14 

2. Internal margin of chelal hand with four 
thickened, anteriorly directed setae.3 

Internal margin of chelal hand with two or three 
thickened, anteriorly directed setae. 4 


3. Chela 1.07-1.09 0), 1.11 ($) mm in length; chelal 
teeth of distal half of fixed finger with every 
second tooth smaller and offset to the medial 
side of the finger. P. puertoricensis 

Muchmore, 1967 (Puerto Rico) 


Chela 0.95 ($) mm in length; chelal teeth of 

distal half of fixed finger all equal sized. 

. P. insulae Hoff, 1963 (Jamaica) 

4. Internal margin of chelal hand with three 

enlarged, thickened, anteriorly directed setae 
.5 

Internal margin of chelal hand with two 
enlarged, thickened, anteriorly directed setae 

.11 

5. Trichobothrium sb midway between b (formerly 

st ) and st (formerly b ); trichobothrium ist 

slightly basal to level of eb and esb . 

. P. azanius Mahnert, 1986 (Kenya) 

Trichobothrium sb closer to b (formerly st) than 
to st (formerly b ); trichobothrium ist level 
with, or slightly distal to level of eb and esb... 6 

6. The three thickened, anteriorly directed chelal 

setae equidistant from one another.7 

The three thickened, anteriorly directed 
chelal setae with basal seta slightly further 
separated from others.8 

7. Posterior pair of eyes reduced to eye-spots. 

. P. singularis (Menozzi, 1924) 

(Mediterranean region) 

Posterior pair of eyes corneate.P. carpenteri 

Muchmore, 1984 (The Bahamas) 

8. Smaller species, e.g. movable chelal finger length 

O. 33 0), 0.35-0.38 (?) mm. 

. P. weygoldti Muchmore, 1967 (Florida) 

Larger species, e.g. movable chelal finger length 

greater than 0.45 mm.9 

9. Teeth of both cheliceral fingers low and 

vestigial; smaller species, e.g. movable chelal 

finger length ca. 0.47 mm. 

.P. darwini sp. nov. (Australia) 

Teeth of both cheliceral fingers distinct; larger 
species, e.g. movable chelal finger length 

greater than 0.60 mm.10 

10. Chelal teeth closely spaced, with gaps between 

teeth smaller than width of tooth base. 

P. canariensis Vachon, 1961 (Canary Islands) 

Chelal teeth widely spaced, with gaps between 

teeth greater than width of tooth base. 

.P. mexicanus Muchmore, 1972 (Mexico) 

11. Larger species, e.g. chela length greater than 1.00 

mm and movable chelal finger length greater 
than 0.80 mm; chelal fingers with 34 0 , j>) 
teeth on fixed finger and 36 0, $) teeth on 
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movable finger. 

.P. hoestlandti Vachon, 1960 (Madeira) 

Smaller species, e.g. chela length less than 0.95 
mm and movable chelal finger length less 
than 0.75 mm; chelal fingers with fewer than 
31 0, 5) teeth on fixed finger and fewer than 
30 0, 9) teeth on movable finger.12 

12. Cheliceral palm with 4 setae [see Remarks on 

page 000]. 

. P. takashimai (Morikawa, 1958) (Japan) 

Cheliceral palm with 5 setae.13 

13. Smaller species, e.g. chela length 0.58-0.76 ($) 

mm in length; teeth of movable chelal finger 
erect and triangular; anterior setal row of 
carapace with 6 setae, including 1 pair of 

anterior-lateral setae. 

. P. johnstoni (Chamberlin, 1923) (Mexico) 

Larger species, e.g. chela length 0.91 0) mm in 
length; teeth of movable chelal finger low and 
retrorse; anterior setal row of carapace with 
8 setae, including 2 pairs of anterior-lateral 

setae (Figure 20). 

.P. vachoni sp. nov. (New Caledonia) 

14. Both chelal fingers strongly curved mesally 

in dorsal view; base of movable chelal 
finger with strongly sclerotized apodeme; 
internal margin of chelal fingers with 1 small 

thickened seta. 

...P. curvidigitatus (Mahnert, 1997) (Canary 

Islands) 

Chelal fingers not strongly curved mesally 
in dorsal view; base of movable chelal 
finger without strongly sclerotized apodeme; 
internal margin of chelal fingers with 2 or 
more thickened setae.15 

15. Cheliceral palm with 5 setae.16 

Cheliceral palm with 6 or 7 setae.20 

16. Larger species, e.g. movable chelal finger length 

greater than 1.30 mm in length.17 

Smaller species, e.g. movable chelal finger length 
less than 1.20 mm in length.19 

17. Every second tooth of the fixed chelal finger 

smaller than other teeth and medially offsetl8 

Every second tooth of the fixed chelal finger not 
smaller than other teeth and not medially 

offset. 

.P. mirus Mahnert, 2002 (Canary Islands) 

18. Larger species, e.g. chela ca. 2.7 0), 2.9-3.0 ($) 

mm in length.P. barrancoi (Carabajal 


Marquez, Garcia Carrillo and Rodriguez 
Fernandez, 2001) (Spain) 

Smaller species, e.g. chela ca. 2.1-2.3 0), 2.3-2.6 

( 5 ) in length.P. 

superstes (Mahnert, 1986) (Canary Islands) 

19. Larger species, e.g. movable chelal finger length 

1.06 0) mm in length; chelal fingers with 42 
0) teeth on fixed finger and 44 ($) teeth on 
movable finger. 

...P. martini Mahnert, 1989 (Canary Islands) 

Larger species, e.g. movable chelal finger length 
0.88 0) mm in length; chelal fingers with 35 
0) teeth on fixed finger and 37 0) teeth on 
movable finger. P. tenebrarum 

Mahnert, 1989 (Canary Islands) 

20. Chelal teeth homodentate; larger species, e.g. 

movable chelal finger length 1.41-1.49 0) 
mm in length; chelal fingers with 44-49 0) 
teeth on fixed finger and 45-47 ($) teeth on 

movable finger. 

..P. setiger (Mahnert, 1997) (Canary Islands) 

Chelal teeth heterodentate; smaller species, e.g. 
movable chelal finger length 0.89-0.99 ($) 
mm in length; chelal fingers with 34 ($) teeth 
on fixed finger and 35 0) teeth on movable 

finger. 

.P. cavalensis Zaragoza, 2004 (Madeira) 

Par alio chthonius darwini sp. nov. 

Figures 1, 6-18 

Paraliochthonius sp.: Murienne et at 2008:174. 

Material examined 

Holotype 

Australia: Western Australia: S, Berthier Island, 
14°31 , 14.0"S, 124°59 , 08.8"E, 25 March 2007, under 
intertidal basaltic rocks, J.M. Waldock and K. 
Edward (WAM T66747). 

Paratypes 

Australia: Western Australia: 3 S, 2 $, collected 
with holotype (WAM T85182, T85183, T85186). 
Northern Territory: 1 $, 4 $, Plater Beach, west side 
of Darwin Harbour, 12°29.25 , S, 130°46.55 , E, 21 April 
1999, J.K Webber (MAGNT); 1 3 % 1 tritonymph. 

Doctors Gully, Darwin, 12°27 , 35"S, 130°49'57"E, 
10 April 2007, under rocks in intertidal zone, M.S. 
Harvey (WAM T85184, T85185); 1 1 ?, same data 

(MNHN); 1 $, 1 $, same data (MHNG). 

Diagnosis 

Paraliochthonius darwini most closely resembles 
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Figures 7-15 Paraliochthonius darwini sp. nov., paratype male (WAM T85182) unless stated otherwise: 7, carapace, dorsal 
aspect; 8, epistome, dorsal aspect; 9. coxae, ventral aspect; 10, coxal spines, ventral aspect; 11, left chelicera, 
dorsal aspect; 12, left pedipalp, dorsal aspect; 13, right chela, lateral aspect; 14, detail of chelal teeth; 15, left 
chela, lateral aspect, paratype tritonymph (WAM T85185). Scale lines = 0.05 mm (Figure 8), 0.1 mm (Figures 
7, 9,11,13-15), 0.2 mm (12). 
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P. canariensis, P. mexicanus and P. weygoldti in the 
possession of two pairs of corneate eyes (Figure 7), 
three enlarged thickened, anteriorly directed setae 
on the internal margin of the chelal hand, of which 
the two distal setae are situated closer to each 
other than to the basal seta (Figures 12, 13), and 
trichobothrium sb closer to b (formerly st) than to st 
(formerly b) (Figure 13). It is larger than P. weygoldti 
(e.g. movable chelal finger length ca. 0.47 mm in 
P. darwini and less than 0.40 mm in P. weygoldti), 
but smaller than P. canariensis (e.g. movable chelal 
finger length 0.61 mm) and P. mexicanus (0.705 mm). 

Description 

Adults 

Colour: uniformly light yellow brown (Figure 1). 

Chelicera: 5 setae on hand, all setae acuminate 
(Figure 11); movable finger with 1 medial seta; 
fixed finger with 3 large teeth followed by 3 small 
teeth basally, movable finger without obvious teeth 
but with a row of small hyaline undulations; with 
2 dorsal and 1 ventral lyrifissures; galea absent; 
rallum consisting of 8 blades, anterior blade long 
and finely denticulate, other blades bipinnate; scaly 
projections present on lateral edges of hand (Figure 
11 ). 

Pedipalp: all setae acuminate (Figure 12); 
trochanter 1.89 ( 3 \ 1.71 ($), femur 3.82 ( 3 ), 3.87 (?), 
patella 1.72 ( 3 ), 1.89 (?), chela 4.86 ( 3 ), 4.85 (?), hand 
0.202 ( 3 ), 1.24 (5) x longer than broad; moveable 
finger 2.31 ( 3 ), 2.69 ($) x longer than hand, without 
large basal apodeme. Femur without tactile setae. 
Patella with three mediodorsal lyrifissures. Fixed 
chelal finger and hand with 8 trichobothria, 
movable chelal finger with 4 trichobothria (Figure 
13): ib and isb situated close together, sub-medially 
on dorsum of chelal hand; eb, esb and ist forming 
an oblique row sub-laterally at base of fixed chelal 
finger; it and est situated sub-distally about one 
areolar diameter apart, it distal to est; et near tip 
of fixed finger, close to chelal teeth; xs situated 
distal to et, each seta shorter than those of other 
trichobothria; dorsum of chelal hand and fixed 
finger with a row of microsetae (chemosensory 
setae); trichobothrium st of movable finger situated 
sub-basally; sb situated slightly closer to st than to 
b; b and t situated sub-distally, t situated at same 
level as est; b situated basal to est. Internal margin 
of hand with 2 large and 1 smaller acuminate 
spine-like setae, 1 situated at level of esb, the 
second slightly posterior, and the third, which is 
smallest, situated medially on hand; inner margin 
of movable chelal finger with three small spines, 
largest basally. Single small sensillum situated 
proximal to sb (Figure 14). Venom apparatus absent. 
Chelal teeth homodentate and diastemodentate: 
fixed finger with 21 (3), 22 ($) acute teeth; 


movable finger with 23 ( 3 ), 24 ($) acute, strongly 
diastemodentate; accessory teeth absent (Figure 
14). External and internal chelal condyles small and 
rounded. 

Cephalothorax : carapace 0.85 ( 3 ), 0.82 ($) x longer 
than broad; lateral margins constricted posteriorly; 
with four small corneate eyes (Figure 7); triangular 
epistome present, slightly longer than wide (Figure 
8); with 18 or, occasionally 17, setae arranged 6: 4: 
3-4: 2: 2; with very shallow furrow situated near 
posterior margin; the pre-ocular seta about 50% 
length of other setae in anterior row; antero-median 
seta not situated at base of epistome (Figure 7); 
with 3 pairs of small lyrifissures, first and second 
pairs situated in ocular row, third pair situated 
lateral to setae of posterior row. Chaetotaxy of 
coxae: 2+3: 3: 3: 5: 5 (Figure 9); manducatory process 
with 2 acuminate distal setae, anterior seta about 
2/3 length of medial seta; pedipalpal coxa without 
dorsal setae; coxae II with 4 coxal spines on each 
side, set in oblique row (Figure 10), each spine 
with multiple incisions extending to base of spine; 
intercoxal tubercle absent (Figure 9); without 
sub-oral seta; coxa I with large, rounded apical 
projection (Figure 9); setae on coxa I situated near 
trochanteral foramen (Figure 9). 

Abdomen: pleural membrane papillostriate. 
Tergites and sternites undivided; setae uniseriate 
and acuminate. Tergal chaetotaxy: holotype 3 , 4: 
4: 4: 10: 10: 11: 11: 11: 10: 4: 4: 0; paratype % 4: 4: 4: 
10: 12: 11: 12: 11: 10: 4: T2T: 0. Sternal chaetotaxy: 
holotype 3 , 10: (3) 24 [4+4] (3): (3) 6 (3): 12: 12: 12: 13: 
13: 9: -: 2; paratype % 5: (3) 7 (3): (3) 6 (3): 12: 14: 15: 
14: 14: 11: -: 2. 

Genitalia: male genitalia with small ejaculatory 
atrium, lateral apodeme meeting in midline (Figure 

17) ; glandular genital setae in 2 parallel rows of 
4; sternite III with V-shaped opening (Figure 16). 
Female genitalia with incomplete lateral apodeme 
frame, lateral diverticulum densely cribrate (Figure 

18) . 

Legs: femora I and II longer than patellae I and II; 
femora I and II with 1 small transverse lyrifissure 
situated sub-basally; femur + patella of leg IV 2.98 
( 3 ), 2.67 (5) x longer than broad; tibiae III and IV 
with 1 medial tactile seta; metatarsi III and IV with 
2 seta longer than others; heterotarsate; subterminal 
tarsal setae not distally serrate; arolium same 
length as claws, not divided; claws simple. 

Dimensions (mm): male holotype WAM T66747: 
Body length ca. 1.31. Pedipalps: trochanter 
0.200/0.106, femur 0.416/0.109, patella 0.205/0.119, 
chela 0.685/0.141, hand length 0.202, movable 
finger length 0.466. Chelicera 0.366/0.179, movable 
finger length 0.200. Carapace 0.339/0.397. Anterior 
eye diameter 0.035, posterior eye diameter 0.027. 
Leg I: femur 0.494/0.048, patella 0.115/0.051, tibia 
0.130/0.044, tarsus 0.250/0.037. Leg IV: femur + 
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Figures 16-18 Paraliochthonius darwini sp. nov.: 16, sternites II and III, ventral aspect, paratype male (WAM T85182); 

17, genitalia, ventral aspect, paratype male (WAM T85182); 18, genitalia, ventral aspect, paratype female 
(WAM T85183). Scale lines = 0.1 mm (Figures. 16,17), 0.2 mm (Figure 18). 


patella 0.429/0.144, tibia 0.273/0.068, metatarsus 
0.114/0.050, tarsus 0.248/0.040. 

Dimensions (mm): female paratype WAM 
T85183: Body length 1.50. Pedipalps: trochanter 
0.197/0.115, femur 0.426/0.110, patella 0.220/0.116, 
chela 0.688/0.142, hand length 0.176, movable 
finger length 0.474. Chelicera 0.378/0.190, movable 
finger length 0.206. Carapace 0.352/0.428. Anterior 
eye diameter 0.032, posterior eye diameter 0.035. 
Leg I: femur 0.311/0.059, patella 0.116/0.052, tibia 
0.136/0.045, tarsus 0.248/0.037. Leg IV: femur + 
patella 0.379/0.142, tibia 0.278/0.071, metatarsus 
0.112/0.055, tarsus 0.250/0.040. 

Tritonymph 

Colour: generally pale yellow orange, chelicera 
slightly darker. 

Chelicera: 5 setae on hand, all setae acuminate; 
movable finger with 1 medial seta; galea 
represented by a slight bulge near sub-distal end of 
movable finger. 


Pedipalp: femur 3.58, patella 1.73, chela 4.71, hand 
1.39 x longer than broad; moveable finger 2.26 x 
longer than hand, without large basal apodeme. 
Fixed chelal finger and hand with 7 trichobothria, 
movable chelal finger with 3 trichobothria (Figure 
15): isb and sb absent, ib situated sub-medially on 
dorso-lateral section of chelal hand; eb , esb and 
ist situated close together in an oblique row, sub- 
laterally at base of chelal fingers; it situated slightly 
distal to est, about one areolar diameter apart; et 
situated basal to xs, close to chelal teeth; xs situated 
sub-distally, each seta shorter than those of other 
trichobothria; row of microsetae (chemosensory 
setae) present on dorsum of hand and fixed finger; 
trichobothrium st of movable finger situated sub- 
basally; b situated sub-distally near t, ca. 4 areolar 
diameters apart; t at level of it. Hand with 2 large, 
medial acuminate spine-like setae at level of eb 
and esb. Venom apparatus absent. Chelal teeth 
homodentate and diastemodentate: fixed finger 
with 22 large, well-spaced, erect teeth; movable 
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finger with 18 well-spaced, slightly retrorse teeth; 
accessory teeth absent. 

Cephalothorax : carapace 0.72 x longer than broad; 
lateral margins slightly constricted posteriorly; 
anterior eye corneate, posterior eye lens low; 
epistome triangular but small; with 18 setae 
arranged 6: 4: 4: 2: 2. Chaetotaxy of coxae: 2+3: 3: 3: 
4: 4; coxae II with 3-4 coxal spines on each side, set 
in oblique row, each spine with multiple incisions 
extending to base of spine. 

Abdomen : pleural membrane papillostriate. 
Tergites and sternites undivided; setae uniseriate 
and acuminate. Tergal chaetotaxy: 4: 4: 4: 7: 9: 10: 9: 
9: 9: 2T2T2: 1T2T1: 0. 

Dimensions (mm): tritonymph WAM T85184: Body 
length ca. 0.95. Pedipalps: femur 0.301/0.084, patella 
0.163/0.094, chela 0.499/0.106, hand length 0.147, 
movable finger length 0.333. Carapace 0.283/0.181. 

Remarks 

Paraliochthonius darwini has been collected from 
two locations in northern Australia, one situated on 
Berthier Island, Western Australia, and the other 
in Darwin, Northern Territory. They were found 
under stones deeply embedded in the beach sand 
between the low and high tide marks. They began 
walking quickly on the wet rocks once exposed to 
light and air, seeking a place to find refuge. One 
specimen collected in Darwin was found with a 
small purple collembolan gripped by its chelicerae, 
which presumably represented a food item. The 
collembolan is too macerated for identification. 

Specimens of Paraliochthonius darwini were 
utilized in the molecular analysis of Murienne et al. 
(2008). 

Etymology 

The specific epithet honours the great English 
naturalist Charles Robert Darwin (1809-1882) in 
honour of the 150 th anniversary of the publication 
of the "The Origin of Species by Means of Natural 
Selection" (Darwin 1859) and the 200 th anniversary 
of his birth. The species is also known from the city 
of Darwin, which was named for the naturalist by 
his former shipmate John Wickham. 

Paraliochthonius vachoni sp. nov. 

Figures 6,19-30 

Material examined 

Holotype 

New Caledonia: Province Sud: S, Port Boise, 
22°2TS, 166°58 , E, 8 February 1993, under stones 
on beach, M.S. Harvey, N.I. Platnick, R.J. Raven 
(MNHN). 


Paratypes 

New Caledonia: Province Sud : 1 tritonymph, 
collected with holotype (MNHN). 

Diagnosis 

Paraliochthonius vachoni differs from all other 
species of the genus by the number of setae in the 
anterior setal row of the carapace, in which there 
are two pairs of lateral setae slightly anterior to the 
eyes (Figure 19). In addition, the eyes are large and 
prominent (Figure 19), and separated by less than 
the eye diameter. 

Description 

Adult (male) 

Colour: uniformly light yellow brown. 

Chelicera: 5 setae on hand, all setae acuminate 
(Figure 21); movable finger with 1 medial seta; fixed 
finger with 6 teeth plus a small microdenticle at 
base, movable finger with 9 teeth; with 2 dorsal 
and 1 ventral lyrifissures; galea absent; rallum 
consisting of 7 blades, anterior blade long and finely 
denticulate, other blades bipinnate; scaly projections 
present on lateral edges of hand (Figure 21). 

Pedipalp: all setae acuminate (Figures 23, 24); 
trochanter 1.95, femur 4.82, patella 2.11, chela 5.04, 
hand 1.88 x longer than broad; moveable finger 
1.60 x longer than hand, without large basal 
apodeme. Femur without tactile setae. Patella 
with three mediodorsal lyrifissures. Fixed chelal 
finger and hand with 8 trichobothria, movable 
chelal finger with 4 trichobothria (Figure 25): ib 
and isb situated close together, sub-medially on 
dorsum of chelal hand; eb, esb and ist forming an 
oblique row sub-laterally at base of fixed chelal 
finger; it and est situated sub-distally about 2 
areolar diameters apart, it distal to est; et near tip 
of fixed finger, close to chelal teeth; xs situated 
distal to et, each seta shorter than those of other 
trichobothria; 7 microsetae (chemosensory setae) 
present in longitudinal row on dorsum of chelal 
hand; trichobothrium st of movable finger situated 
sub-basally; sb situated slightly closer to st than to b; 
b and t situated sub-distally, t situated at same level 
as est. Internal margin of hand with 2 large and 
2-3 smaller acuminate spine-like setae, 1 situated 
at level of esb, the second slightly posterior, and the 
others, which are smallest, situated medially on 
hand; inner margin of movable chelal finger with 
three small spines, largest basally. Single small 
sensillum situated distal to sb (Figure 26). Venom 
apparatus absent. Chelal teeth homodentate and 
diastemodentate (Figure 26): fixed finger with 31 
erect, triangular teeth; movable finger with 29 
mainly low retrorse teeth; accessory teeth absent. 
External and internal chelal condyles small and 
rounded. 


340 


M. S. Harvey 



Figures 19-28 Paraliochthonius vachoni sp. nov., holotype male unless stated otherwise: 19, carapace, dorsal aspect; 20, 
epistome, dorsal aspect; 21, left chelicera, dorsal aspect; 22, coxae II showing coxal spines, ventral aspect; 
23, right pedipalpal trochanter, femur and patella, dorsal aspect; 24, left chela, dorsal aspect; 25, left chela, 
lateral; 26, detail of chelal fingers, lateral; 27, left chela, lateral, paratype tritonymph; 28, detail of chelal 
fingers, lateral, paratype tritonymph. Scale lines = 0.1 mm (20-22, 26, 28), 0.2 mm (Figures 23-25), 0.25 
mm (Figures. 19, 27). 
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Cephalothorax : carapace 0.88 x longer than broad; 
lateral margins slightly constricted posteriorly; 
with four large corneate eyes (Figure 19); triangular 
epistome present, longer than wide and with small 
teeth (Figure 20); with 20 setae arranged 8: 4: 4: 2: 2; 
with very shallow furrow situated near posterior 
margin; the pre-ocular seta about 50% length of 
other setae in anterior row; antero-median seta 
not situated at base of epistome; with 3 pairs of 
small lyrifissures, first and second pairs situated 
in ocular row, third pair situated lateral to setae 
of posterior row. Chaetotaxy of coxae: 2+3: 3: 3: 5: 
5; manducatory process with 2 acuminate distal 
setae, anterior seta about 2/3 length of medial 
seta; pedipalpal coxa without dorsal setae; coxae 
II with 4 coxal spines on right coxa, 5 on left coxa, 
set in oblique rows (Figure 22), each spine long, 
with multiple incisions extending to base of spine 
(Figure 22); intercoxal tubercle absent; without 
sub-oral seta; coxa I with large, rounded apical 
projection; setae on coxa I situated near trochanteral 
foramen. 

Abdomen: pleural membrane papillostriate. 
Tergites and sternites undivided; setae uniseriate 
and acuminate. Tergal chaetotaxy: 4: 4: 6: 7: 8: 8: 8: 8: 
8: 4: T2T: 0. Sternal chaetotaxy: 9: (4) 22 [4+4] (4): (4) 6 
(4): 10: 10: 10: 12: 12: 2T1T2: -: 2. 

Genitalia: male genitalia with small ejaculatory 


atrium, lateral apodeme meeting in midline (Figure 
30); glandular genital setae in 2 parallel rows of 
4 (Figure 30); sternite III with broad V-shaped 
opening, extending to posterior margin of sternite 
(Figure 29). 

Legs: femora I and II longer than patellae I and II; 
femora I and II with 1 small transverse lyrifissure 
situated sub-distally; femur + patella of leg IV 2.92 
x longer than broad; tibiae III and IV with 1 medial 
tactile seta; metatarsi III and IV with 2 seta longer 
than others; heterotarsate; subterminal tarsal setae 
not distally serrate; arolium same length as claws, 
not divided; claws simple. 

Dimensions (mm): male holotype (MNHN): Body 
length 1.62. Pedipalps: trochanter 0.250/0.128, femur 
0.602/0.125, patella 0.291/0.138, chela 0.907/0.180, 
hand length 0.339, movable finger length 0.544. 
Chelicera 0.458/0.207, movable finger length 0.243. 
Carapace 0.429/0.486. Anterior eye diameter 
0.506, posterior eye diameter 0.464. Leg I: femur 
0.355/0.070, patella 0.180/0.065, tibia 0.179/0.054, 
tarsus 0.347/0.045. Leg IV: femur + patella 
0.589/0.202, tibia 0.397/0.086, metatarsus 0.140/0.067, 
tarsus 0.397/0.034. 

Tritonymph 

Colour: generally pale brown and yellow, chelicera 
slightly darker. 



Figures 29-30 Paraliochthonius vachoni sp. nov., holotype male: 29, sternites II and III, ventral aspect; 30, genitalia, ventral 
aspect. Scale lines = 0.1 mm. 
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Chelicera : 5 setae on hand, all setae acuminate; 
movable finger with 1 medial seta; galea absent. 

Pedipalp: femur 4.41, patella 2.03, chela 5.33, hand 
1.78 x longer than broad; moveable finger 1.88 x 
longer than hand, without large basal apodeme. 
Fixed chelal finger and hand with 7 trichobothria, 
movable chelal finger with 3 trichobothria (Figure 
27): isb and sb absent, ib situated sub-medially 
on dorso-lateral section of chelal hand; eb, esb 
and ist situated close together in an oblique row, 
sub-laterally at base of chelal fingers; it situated 
slightly distal to est, about one areolar diameter 
apart; et situated basal to xs, close to chelal teeth; 
xs situated sub-distally, each seta shorter than 
those of other trichobothria; a row of microsetae 
(chemosensory setae) present on dorsum of chelal 
hand; trichobothrium st of movable finger situated 
sub-basally; b situated sub-distally near t, ca. 4 
areolar diameters apart; t at level of it. Hand with 
2 large, medial acuminate spine-like setae. Venom 
apparatus absent. Chelal teeth mainly homodentate, 
and always diastemodentate (Figure 28): fixed 
finger with 19 large, well-spaced, erect teeth, plus 
several small denticles basally; movable finger 
with 20 well-spaced, retrorse teeth; accessory teeth 
absent. 

Cephalothorax: carapace 0.87 x longer than broad; 
lateral margins slightly constricted posteriorly; 
with 2 large eyes; epistome triangular; with 20 setae 
arranged 8: 4: 4: 2: 2. Chaetotaxy of coxae: 2+3: 3: 3: 
4: 4; coxae II with 4 coxal spines on each side, set 
in oblique row, each spine with multiple incisions 
extending to base of spine. 

Abdomen : pleural membrane papillostriate. 
Tergites and sternites undivided; setae uniseriate 
and acuminate. Tergal chaetotaxy: 4: 4: 5: 7: 7: 8: 8: 8: 
8: 4: T2T: 0. 

Dimensions (mm): tritonymph paratype: Body 
length ca. 1.18. Pedipalps: femur 0.397/0.090, 
patella 0. 211/0.104, chela 0.613/0.115, hand length 
0.205, movable finger length 0.385. Chelicera 
length 0.339/0.162; movable finger 0.192. Carapace 

O. 329/0.378. 

Remarks 

The two specimens of Paraliochthonius vachoni 
described here were collected under a rock on the 
beach at Port Boise, situated near the southern tip 
of New Caledonia. It appears to be most similar to 

P. johnstoni from western Mexico, and P. takashimai 
from Japan, as all three species have two pairs of 
eyes, two enlarged, thickened, anteriorly directed 
setae on the internal margin of the chelal hand, 
chela less than 0.95 mm in length and movable 
chelal finger length less than 0.75 mm, and the 
chelal fingers with fewer than 31 0, $) teeth on 
the fixed finger and fewer than 30 0, ^) teeth on 
the movable finger. It is larger than P. johnstoni 


[e.g. chela 0.91 ($) mm in length, versus 0.58-0.76 
($) mm], the teeth of the movable chelal finger are 
low and retrorse (versus erect and triangular in P. 
johnstoni ), and the anterior setal row of carapace 
has eight setae, including two pairs of anterior- 
lateral setae, rather than just six setae in P. johnstoni. 
The cheliceral palm of most tyrannochthoniine 
pseudoscorpions bears five setae, but Morikawa 
(1958) reported just four setae, and reaffirmed this 
number of setae in a letter to Dr J.C. Chamberlin 
(see Chamberlin 1962). It is highly unlikely that 
this setal number is correct, and that Dr Morikawa 
may have misinterpreted the setal pattern (Dr M. 
Judson, in litt.). If this is the case, then Couplet 
12 of the key presented in this paper may not 
work properly. A more detailed description of P. 
takashimai is required to establish how it differs 
from other species of the genus. 

Etymology 

The specific epithet honours Professor 
Max Vachon (1908-1991) for his outstanding 
contributions to the study of arachnids, including 
significant studies on the genus Par alio chthonius 
(Vachon 1960, 1961). 
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Abstract - Copemania darwini sp. nov. is described from the small intestine of 
Dasyurus geoffroii Gould, 1841 (type host) and Isoodon obesulus (Shaw, 1797) 
from Collie, Western Australia. The new species is distinguished from its only 
congener, C. obendorfi Durette-Desset and Beveridge, 1981, found in Dasyurus 
maculatus (Kerr, 1792) in Victoria in the shape of the spicules, which lack a 
hook-shaped termination to the principal branch in the new species and in the 
vulvar appendages which are linguiform in the new species. The new species 
represents the first record of the genus in Western Australia and is one of the 
few trichostrongyloid nematodes known from Australian marsupials which 
occur in both dasyurids and peramelids. 


Keywords: Copemania, new species, Nematoda, Trichostrongylida, Dasyurus, 
Isoodon, morphology, taxonomy. 


INTRODUCTION 

Trichostrongyloid nematodes are ubiquitous 
parasites of the stomachs and small intestines 
of vertebrates (Durette-Desset 1985). However, 
the study of the Australian representatives of 
this group of parasites is in its infancy, with 
many species in museum collections awaiting 
description (Spratt et al. 1991). Australian 
monotremes and marsupials are hosts to 
several families of trichostrongyloid nematodes 
including three endemic families, Nicollinidae, 
Mackerrastrongylidae and Herpetostrongylidae, 
which are of particular interest from the 
perspective of parasite evolution given the relative 
isolation of the Australian monotreme and 
marsupial radiations. Parasite lineages found 
within marsupials in Australia appear to have 
multiple phylogenetic origins with families 
linked to parasites of South American marsupials 
(Herpetostrongylidae) (Humphery-Smith 1983) or 
monotremes (Nicollinidae, Mackerrastrongylidae) 
(Durette-Desset 1983; Beveridge and Spratt 
1996), thereby potentially providing examples of 
major groups of nematode parasites evolving by 
mechanisms of co-speciation and host-switching 
(Beveridge and Spratt 1996). 


The trichostrongyloid fauna of Western 
Australian marsupials is particularly poorly 
studied, with only a limited number of genera 
and species recognised from the state thus far, 
these being: Austrostrongylus thylogale Johnston 
and Mawson, 1940 in Setonix brachyurus (Quoy 
and Gaimard, 1830), A. incurvispiculum Beveridge 
and Durette-Desset, 1986 in Macropus fuliginosus 
(Desmarest, 1817), Profilarinema hemsleyi Durette- 
Desset and Beveridge, 1981 in Trichosurus vulpecula 
(Kerr, 1792), Mackerrastrongylus mawsonae Inglis, 
1986 in Isoodon obesulus (Shaw, 1797), Nicollina ridei 
Inglis, 1986 in Tachyglossus aculeatus (Shaw and 
Nodder, 1792) and Sprattellus waringi (Inglis, 1986) 
in Dasyurus geoffroii Gould, 1841 (Thomas 1959; 
Inglis 1968; Durette-Desset and Beveridge 1981a; 
Beveridge and Durette-Desset 1986). 

In this paper, we report the occurrence of an 
additional genus, Copemania Durette-Desset and 
Beveridge, 1981, in Western Australia, represented 
by a new species which occurs both in the dasyurid 
D. geoffroii and in the peramelid I. obesulus in the 
south-west of the state. 

METHODS 

Specimens examined came from the collections 
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Figures 1-10 Copemania darwini sp. nov. from Dasyurus geoffroii, all illustrations from paratypes: 1, anterior end, female, 
lateral view; 2, cephalic extremity, lateral view, male; 3, cephalic extremity, apical view (sex of specimen 
not known); 4, female tail, right lateral view; 5, female tail, sub-ventral view; 6, anterior extremity, male, 
showing origins of synlophe ridges on right hand side of body, ridges 5, 5', long arrows, ridges 6, 6', short 
arrows; 7, synlophe in transverse section, male, 33% of length from anterior end; 8, synlophe in transverse 
section, female, 48% from anterior end; 9, synlophe in transverse section, female, at level of ovejector, 
showing diminution in size of body ridges; 10, female tail, right lateral view. Scale-bars: 1, 4, 5, 0.1 mm; 2, 
3, 6, 7-10, 0.01 mm. Abbreviations: D, dorsal; V, ventral; L, left; R, right. Body ridges are numbered from 
left to right with ventral ridges indicated by a prime. The tiny ridges on the right hand side of the synlophe 
have not been numbered. 
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of the South Australian Museum, Adelaide (SAMA) 
and were examined microscopically after clearing 
in lactophenol. Drawings were made with the aid 
of a drawing tube attached to an Olympus BH 
microscope. Measurements were made with an 
ocular micrometer and are presented as the range 
followed by the mean and number of specimens 
measured in parentheses. Terminology of the 
synlophe and the description of the bursal rays 
follow Durette-Desset (1983). Body ridges in 
transverse sections are numbered from left to right. 

Phylum Nematoda 

Family Nicollinidae Durette-Desset and 
Chabaud, 1981 

Genus Copemania Durette-Desset and 
Beveridge, 1981 

Copemania Durette-Desset and Beveridge, 1981: 66. 

Type species 

Copemania obendorfi Durette-Desset and Beveridge 
1981, by original designation. 

Copemania darwini sp. nov. 

Figures 1-15 

Material examined 

Holotype 

Australia: Western Australia: S, Collie (33°22 , S, 
116°09 , E), 25 May 1992, R. Hobbs. Host: Dasyurus 
geoffroii Gould, 1941 (Marsupialia: Dasyuridae); 
localisation: small intestine (SAMA 45395). 

Allotype 

Australia: Western Australia: $, same data as 
holotype (SAM 45396). 

Paratypes 

Australia: Western Australia: 13 15 $, same 

data as holotype (SAMA 45397,32983, 32987). 

Additional material studied 

Australia: Western Australia: 11 S, 9 Collie 
(33°22 , S, 116°09 , E), October 2004, R. Brazelle, 
host: Isoodon obesulus (Shaw, 1797), (Marsupialia: 
Peramelidae); localisation: small intestine (SAM 
45393,45394). 

Prevalence : present in three of nine D. geoffroii and 
two of six I. obesulus examined. 

Diagnosis 

Small nematodes; cephalic vesicle present; buccal 
capsule reduced, without teeth; synlophe with 


ridges oriented from right to left, axis of orientation 
perpendicular to sagittal axis; male with rays 2 of 
bursa highly divergent; complex spicules with three 
points; female monodelphic; vulva subterminal; 
terminal spine on tail; parasites of dasyurid 
marsupials. 

Description 

Nematodes straight or slightly coiled. Mouth 
triangular, lips absent; 4 cephalic papillae and two 
amphids present; labial papillae not seen; buccal 
capsule tiny, annular; oesophageal tooth absent; 
cephalic vesicle present with 15-20 annulations; 
cervical collar absent; oesophagus claviform. 
Nerve ring in mid-oesophageal region; deirid and 
excretory pore immediately posterior to nerve ring. 

Synlophe 

In both sexes, ridges originate in anterior 
oesophageal region, ridges 2-5 appear 60 posterior 
to cephalic vesicle, ridges 1 and 6 appear 85 
posterior to cephalic vesicle; ridges disappear 
immediately anterior to bursa in male, at level 
of ovejector in female. Synlophe symmetrical in 
relation to frontal axis with 12 prominent cuticular 
ridges (6 dorsal, 6 ventral). 2 tiny, right lateral ridges 
more prominent in male than in female. Ridges 
decreasing slightly in size from left to right on 
both sides. Right lateral ridges tiny and orientated 
perpendicularly to body surface, barely visible in 
female. Axis of orientation orientated from right to 
left, inclined at 90° to sagittal axis. 

Male 

Holotype: length 4.1 mm, maximum width 55; 
cephalic vesicle 50 long; oesophagus 400 long; nerve 
ring and excretory pore 200 and 210 from anterior 
end respectively; spicules 105 long, gubernaculum 
80 long. 

Paratypes: (measurements of 5 specimens, means 
in parentheses) length 3.9-4.3 (4.15) mm, maximum 
width 55-60 (57); cephalic vesicle 50-60 (55) long; 
oesophagus 390-430 (410) long; nerve ring and 
excretory pore 200-210 (204) and 200-280 (241) from 
anterior end respectively; spicules 115-130 (123) 
long, gubernaculum 75-80 (78) long. 

Bursa very slightly asymmetrical with right 
side marginally larger and rays slightly thicker; 
pattern of rays of type 1-3-1 for both lobes. Rays 5 
and 6 recurved dorsally. Right ray 6 broader than 
left ray 6. Dorsal lobe well-marked; rays 8 slender, 
arising from the same common trunk as rays 6, 
parallel to rays 6 for most of their length. Dorsal 
ray short and broad, divided at two-thirds into 
two branches. Each branch divides into three tips: 
rays 9 (externo-dorsal), rays 10 (interno-dorsal) and 
phasmids (median). Rays 9 arising on dorsal ray 
after its division. Rays 9 thicker and slightly shorter 
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than rays 10. Genital cone prominent; papilla 0 in 
form of elongate projection, papillae 7 elongated, 
paired; transverse membrane with central V-shaped 
projection ventral to cone. Spicules light brown 
in colour, short, terminating in three points, 
interno-ventral branch longest; externo-lateral 
branch median slightly longer than interno-lateral; 
gubernaculum elongate, broader but less well 
sclerotised anteriorly. 

Female 

Allotype: length 5.4 mm, maximum width 60; 
cephalic vesicle 50 long; oesophagus 430 long; nerve 
ring and excretory pore 225 and 250 from anterior 
end respectively; tail 75 long; vulva to posterior 
end 170; vagina vera 35, vestibule 55 long, sphincter 
30 long, infundibulum 110 long; egg 65 x 40; 11 
unembryonated eggs in uterus. 

Paratypes : (measurements of 5 specimens, 
means in parentheses) length 4.25-5.43 (4.80) mm, 
maximum width 60-70 (66); cephalic vesicle 50-60 
(53) long; oesophagus 350-410 (397) long; nerve 
ring and excretory pore 190-195 (193) and 210-250 
(230) from anterior end respectively; tail 63-80 (73) 
long with terminal spike 8-13 (11) long; vulva to 
posterior end 185-225 (204); vagina vera 30-50 (39), 
vestibule 45-80 (65) long, sphincter 30-45 (37) long; 
infundibulum 70-160 (113) long, uterus 440-530 
(470) long; eggs 55-65 (60) x 35-40 (38); 9-12 (10) 
eggs in uterus. 

Monodelphic, vulva near posterior end; vulva 
with 2 projections on either side, projection on left 
hand side large, linguiform; projection on right 
hand side smaller, less prominently ornamented 
with striations; cuticular flange present anterior 
to right projection, with prominent striae; tiny 
flange present on left hand side, identifiable mainly 
by more prominent striae. Tail tip blunt with 
prominent terminal spike. 

DISCUSSION 

The new species described here clearly belongs 
to the genus Copemania as it has a synlophe with 
ridges oriented from right to left and an axis of 
orientation perpendicular to the sagittal axis as 
well as a cephalic vesicle, a reduced buccal capsule 
without teeth, rays 2 of the bursa highly divergent 
from the remaining rays and complex spicules 
with three points. All of these are characteristics of 
Copemania (see Durette-Desset and Beveridge 1981b) 
and exclude its allocation to any other genus. Until 
now, this genus has remained monotypic, with 
the only other species, C. obendorfi Durette-Desset 
and Beveridge, 1981, being reported from Dasyurus 
maculatus (Kerr, 1792) in Victoria. The species 
describe here differs distinctly from C. obendorfi 
in the shape of the spicules of the male, with the 


longest branch having a hook-shaped termination 
in C. obendorfi , which is lacking in C. darwini 
and most particularly in the morphology of the 
female. In C. obendorfi , the vulva has two cuticular 
enlargements on either side, but in C. darwini, 
at least one of these enlargements is linguiform 
providing a highly characteristic feature in the 
females. In addition, the infundibulum is recurrent 
in the C. obendorfi, but not in the new species and 
the tail is trilobed in C.obendorfi, but not in C. 
darwini. This series of morphological differences 
provide little doubt that the species described here 
is new. 

The finding of C. darwini in D. geoffroyii parallels 
the occurrence of its congener C. obendorfi in D. 
maculatus in Victoria. However, the unexpected 
aspect of this study was the finding of the 
parasite in I. obesulus from the same area. 
Peramelid marsupials tend to have a distinctive 
trichostrongyloid nematode fauna compared with 
dasyurids (Spratt et al. 1991) with the exception of 
the gastric-inhabiting species Peramelistrongylus 
skedastos Mawson, 1960, which has a broad host 
range in both peramelid and dasyurid marsupials 
(Spratt et al 1991). 

Since none of the life cycles of the Australian 
trichostrongyloid nematodes has been elucidated, 
no explanation can currently be advanced as to why 
this genus has been found in bandicoots in Western 
Australia but not in eastern Australia in areas 
where dasyurids and bandicoots co-occur. 

The Nicollinidae is a small trichostrongyoid 
family containing three genera, Nicollina Baylis, 
1930, parasitic in echidnas (eight species), 
Batrachonema Yuen, 1965 in Malaysian amphibians 
(one species) and Copemania (two species) in 
dasyurid marsupials (Durette-Desset 1983). 
While relationships within the family are not 
well-defined, in the Australian region, Durette- 
Desset and Beveridge (1981b) interpreted the 
genus Copemania as being derived from Nicollina, 
suggesting that dasyurids had acquired this genus 
by host switching from nematodes already present 
in monotremes. 
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Abstract - The King Edward River, in the far north of the Kimberley region 
of Western Australia drains approximately 10,000 km 2 and discharges 
into the Timor Sea near the town of Kalumburu. This study represents an 
ichthyological survey of the river's freshwaters and revealed that the number 
of freshwater fishes of the King Edward River is higher than has previously 
been recorded for a Western Australian river. Twenty-six strictly freshwater 
fish species were recorded, which is three species higher than the much 
larger Fitzroy River in the southern Kimberley. The study also identified a 
number of range extensions, including Butler's Grunter and Shovel-nosed 
Catfish to the west, and the Slender Gudgeon to the north and east. A possibly 
undescribed species of glassfish, that differs morphologically from described 
species in arrangement of head spines, fin rays, as well as relative body 
measurements, is reported. A considerable proportion of Jenkins' Grunter, 
which is widespread throughout the system but essentially restricted to 
main channel sites, had 'blubber-lips'. There were significant differences in 
the prevailing fish fauna of the different reaches of the King Edward River 
system. Thus fish associations in the upper King Edward River main channel 
were significantly different to those in the tributaries and the main channel of 
the Carson River. Similarly, the fauna of the Carson River, which was much 
more diverse than the King Edward River main channel and tributary sites, 
was characterised by many species that were not found in other parts of the 
river. The presence of natural barriers, such as waterfalls or rock bars do not 
permit upstream migrations of fishes and are considered to be the main factor 
in limiting the distribution of some species. For example, many species are 
restricted to the lower sections of the Carson River, and include Bony Bream, 
Lesser Salmon Catfish, Shovel-nosed Catfish, Black Catfish, False-spined 
Catfish, Freshwater Longtom, Prince Regent Hardyhead, Mouth Almighty, 
Barred Grunter and Butler's Grunter. It is hypothesised that these natural 
barriers were in place long before many of these latter species colonised the 
King Edward River. Some species tend to only be found within tributary 
sites, e.g. Kimberley Mogurnda, while others are most abundant in tributaries 
rather than main channel sites, e.g. Western Rainbowfish and Spangled Perch. 
Waterfalls are also seen as limiting the number of migratory marine / estuarine 
species that enter freshwaters. For example, only three species that require the 
marine/estuarine environment to complete their life-cycle were captured in 
the freshwaters of the King Edward River system. This compares to 14 species 
that utilise the freshwaters of the Fitzroy River. 


INTRODUCTION 

Due to the isolation and remoteness of the 
Kimberley region of northern Western Australia 
ichthyological surveys of the region's rivers did 
not commence until the mid-1970s. The region 
has a comparatively high diversity of fishes and 
inevitably, many of the original examinations of 
the region's freshwater fishes revealed undescribed 
species (see Allen 1975, 1978; Hutchins 1977, 
1981; Vari 1978; Hoese and Allen 1983; Allen and 
Feinberg 1998; Morgan et al. 2004). Many of these 


newly discovered species are endemic to the 
Kimberley which has 17 endemic freshwater fishes 
and two endemic genera (see above and Allen et al. 
2002), highlighting the importance of the region to 
Australia's aquatic biodiversity. 

The waters of the King Edward and Carson 
Rivers converge approximately 15 km north of 
the Aboriginal community of Kalumburu in the 
northern Kimberley, before entering Napier Broome 
Bay (Figure 1). Previous published ichthyological 
surveys of the catchment are restricted to those by 
Hutchins (1977) and Allen and Leggett (1990). The 
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sites sampled by Hutchins (1977) were all within 
the Drysdale National Park and included five sites 
on the Carson River, four sites on Palmoondoora 
Creek and three sites on Orchid Creek. Allen 
and Leggett (1990) sampled one site on the King 
Edward River, three sites on the Carson River and 
one site each on the Morgan River and Monger 
Creek. Hutchins (1977) reported 18 species from the 
Carson River within the Drysdale River National 
Park, while Hutchins (1981) tabulated a total of 11 
species of freshwater fishes from the King Edward 
River and 20 species from the Carson River. 

From the above it is evident that the previous 
ichthyological surveys of the King Edward and 
Carson rivers were not comprehensive but instead 
were limited to a small number of sites in specific 
areas (e.g. Drysdale River National Park). The main 
aim of the current study was to provide a broader 
examination of the catchment by examining the 
fishes of both the King Edward and Carson rivers 


and their tributaries. A secondary aim was to 
compare the fish faunal associations between 
the two major systems (i.e. King Edward River 
and Carson River) and their tributaries, testing 
the hypothesis that these very different major 
tributaries will have different faunas as a result of 
isolating mechanisms such as instream barriers, 
and that, as was the case for the more southerly 
Fitzroy River (see Morgan et al. 2004), differences 
will also be found when comparing smaller 
tributaries. 

MATERIALS AND METHODS 
Study area 

The catchment of the King Edward and Carson 
rivers, in the Kimberley Basin, flow in a northerly 
direction and encompass approximately 10,000 
km 2 (Figure 1). The headwaters of the King Edward 



Figure 1 The sites sampled for fish in the King Edward and Carson River systems. Western Australia. 








Fishes of the King Edward River 


353 


River arise near the Gardner Plateau (King Leopold 
Sandstone; 500 m ASL) to the west of the Foster 
Range. Minor tributaries of the King Edward River 
include Noolawayoo Creek, Cole Creek, Mongonai 
Creek and Coondillah Creek. The Carson River 
has its headwaters in the Foster Range (365-440 
m ASL) and the main channel follows the Carson 
Escarpment (320-410 m ASL). The major tributaries 
of the Carson River incorporate the Morgan River 
and tributaries including Loonjool Creek and 
Palmoondoora Creek. 

The climate of the region is monsoonal and 
is characterised by a hot wet summer that is 
followed by an extended warm dry season with 
little precipitation occurring between April and 
October (Vigilante et al. 2004). Rainfall in the 
region varies substantially from year to year and 
is often influenced by tropical cyclones. The mean 
annual rainfall is > 1200 mm at Kalumburu, near 
the mouth of the river, while Doongan Station in 
the headwaters receives, on average, -1100 mm 
(Bureau of Meteorology; Vigilante et al. 2004). The 
wet season extends from December to March with 
mean monthly rainfall being greatest in these 
months. On average, -80% of the annual rainfall 
for Doongan Station (annual mean rainfall = 1106.6 
mm) and Kalumburu (annual mean rainfall = 
1217.3 mm) falls during this period. Conversely, 
between April and October the region receives 
little rainfall, with a combined average of less than 
1.7 rainy days in each month during this period 
(Bureau of Meteorology). The King Edward River 
and its tributaries are exposed to high temperatures 
for most of the year with the mean monthly 
temperature for both Kalumburu and Doongan 
Station (near the source of the King Edward River) 
being, on average, > 30°C (Bureau of Meteorology). 
The hottest months, September to November, are 
immediately prior to the onset of the wet season 
where mean temperature is ~36°C. 

Fish sampling 

During two separate sampling trips, in October 
and November 2004 and in June and July 2005, 42 
sites on the King Edward River and Carson River 
and their tributaries were sampled for fish (Figure 
1; Table 1). This included one site on Dominic Creek 
that flows into Mission Cove in Napier Broome 
Bay and is not connected by freshwater to the King 
Edward River; noting that this site is not included 
in overall diversity of the river. Fish were captured 
using a variety of fine mesh seine nets, gill nets and 
line fishing and were observed using mask and 
snorkel, and from visual surveys along the bank or 
from the bow of a boat. The longitude and latitude 
were recorded at each site sampled. The maps of 
the sample sites and species distributions were 
created using the above GPS data and the program 


Maplnfo. Replicate water temperature (°C) and 
conductivity (pS cm' 1 standardised to 25°C) were 
measured in situ at each sampling occasion with 
a YSI portable conductivity meter. Rainfall and 
temperature data were sourced from the Bureau of 
Meteorology. 

Fish identification and systematics 

On capture, fish were identified and the majority 
released immediately. Occasionally it was necessary 
to preserve specimens for formal identifications. 
This was the case for a number of the ambassids 
(glassfish) and eleotrids (gudgeons) captured. 
Fish were also kept for live photography. In this 
paper, the species phylogenetic order follows 
Nelson (1994). The glassfish are referred to as 
Ambassidae rather than Chandidae (cf. Allen and 
Burgess 1990; Pusey et al. 2004) since Eschmeyer 
(2004) notes that the former has precedence over 
the latter. Kluzinger (1870) was the first to use 
the name Ambassidae, earlier than Fowler (1905), 
who was the first to use Chandidae. In some cases 
there was a need to verify species identifications 
from the field. The Ambassidae collected, where 
possible, were identified from Allen and Burgess 
(1990), Mogurnda species from Allen and Jenkins 
(1996), Hypseleotris species from Hoese and Allen 
(1983), Melanotaeniidae from Allen (1978) and 
Terapontidae from Vari (1978). For the purpose of 
this paper, freshwater species are considered to 
be those that are either obligate freshwater fishes 
or are capable of completing their life within 
the freshwater environment. Marine species are 
deemed those that must complete part of their 
life-cycle within the marine environment but may 
spend much of their life in freshwater, for example 
Barramundi (Lates calcarifer ) breed in the estuary 
but may spend extended periods in freshwater 
habitats. Species such as the Lesser Salmon Catfish 
(Neoarius graeffei), Flathead Goby ( Glossogobius 
giuris), Seven-spot Archerfish (Toxotes chatareus ) 
and Empire Gudgeon ( Hypseleotris compressa ) are 
capable of breeding in both fresh and salt water (see 
Allen et al. 2002; Morgan et al. 2004) and have been 
considered freshwater species. 

Classifying the different regions of the King 
Edward River 

In order to determine if different fish fauna are 
associated with the different regions of the King 
Edward River system, the sample sites (see Figure 
1), based on fish species abundance at each site, 
were categorised as either (1) upper main channel 
King Edward River, (2) main channel Carson 
River (including lower Morgan River downstream 
of, but including the waterfall at site 21), (3) King 
Edward tributary, (4) Carson River tributary sites 
(includes tributaries downstream of the confluence 
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Figure 2 Locations of the marine/estuarine species that were captured in the freshwaters of the King Edward River 
system during this study. 


with the King Edward River) or (5) Morgan River 
tributary sites (includes the Morgan River main 
channel upstream of the waterfall at site 21) (see 
Figure 1). The King Edward River included sites 
1-4, 9, 13; tributaries of the King Edward River 
included sites 5-8, 12, 14-15, 29-31; the Morgan 
River included sites 10-11, 16-20; the Carson River 
included sites 21, 22, 25-28, 32-35; and the Carson 
River tributaries sites were 23, 24 and 36-41 (Figure 
1; Table 1). Site 42 (Dominic Creek) was not included 
in analysis as it is outside of the main catchment 
and is discussed separately. 

In order to test the hypothesis that the fish faunal 
composition would vary between these broad 
habitat types the sample sites were a priori allocated 
to one of these categories and their fish community 
compared using one-way analysis of similarity 
(ANOSIM) in PRIMER (Clarke and Gorley 2001). 
In order to test for differences in community 


structure, a data set of the abundance of the 
different species captured in the 41 sites sampled 
in the catchment was used to construct a similarity 
matrix employing the Bray-Curtis similarity 
coefficient in the PRIMER package (Clarke and 
Gorley 2001). 

The abundance data for the individual species 
captured at the different sample sites were 
square root transformed, and were used to 
construct a similarity matrix using the Bray- 
Curtis similarity coefficient. One-way analysis 
of similarity (ANOSIM) was used to determine 
whether differences between the main sample site 
groups (1-5) (see above) were significant. Analysis 
of similarity generates an R-statistic that is an 
estimate of the similarity of the replicates within 
predetermined groups compared to similarities 
between groups; R value of 1 indicates that all 
replicates within groups are more similar to one 
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another than they are to any replicate in other 
groups whilst an R value of 0 indicates that 
similarities within and between groups are the 
same on average. The similarity matrix that was 
generated was then ordinated and classified using 
non-metric multidimensional scaling (MDS) and 
hierarchical agglomerative cluster analysis in the 
PRIMER package (Clarke and Gorley 2001). 

Community contact 

Community organisations, including the 
Kimberley Land Council and Kimberley Language 
Resource Centre, were contacted to gain permission 
to do the work and ascertain what language groups 
and traditional owners might want to be involved. 
The Kalumburu Council, Kupungari Aboriginal 
Corporation and Wunambal-Gaambera Aboriginal 
Corporation (WGAC) were contacted prior to the 
commencement of fieldwork in 2004. Lield research 
goals were outlined (including how the research 
would take place) as were the benefits that the 
research may have for the community, including 
the production of fish posters with language names. 
This survey work involved visiting sites in the King 
Edward and Carson River catchment areas that lay 
in Kwini or Ngarinyin country. 

RESULTS 

The environment of the King Edward River 

Water temperatures at the sites sampled directly 
corresponded to the temperature regime to which 
they were exposed, with higher temperatures 
recorded in sites sampled during October and 
November as opposed to those sampled in June 
and July. Mean water temperatures ranged from 
~28-32°C in the October-November sampling 
period and from ~23-27°C in the cooler June-July 
period. The highest mean water temperatures were 
recorded from the Carson River sites, with the 
highest mean water temperature for one Carson 
River site being 33.8°C. 

Conductivities of all sites sampled were 
generally very low (< 450 pScm 1 ), with the 
upper King Edward River main channel sites 
having a mean conductivity of only 57.6 pScm' 
K Conductivities were generally highest in the 
tributary sites sampled. In terms of changes in 
conductivity during the different seasons, they 
were marginally higher in the October-November 
period, presumably as a result of a longer exposure 
to evaporation. 

Fish species captured 

A total of 14,304 fish from 29 fish species were 
captured or observed in the freshwaters of the King 
Edward River system during this study, including 


two species only recorded from Dominic Creek 
(site 42) (see Figure 1; Table 1). A further two species 
were reported by Hutchins (1977). Of the total of 
31 species, 28 were considered to be freshwater 
species, while the remaining three species, i.e. 
Barramundi, Ox-eye Herring (Megalops cyprinoides ) 
and Milkfish ( Chanos chanos) are estuarine or 
marine species that may spend part of their life 
in freshwater. The marine species contributed to 
less than 0.15% (21 individuals) of the total catch 
and were only recorded from the main channel 
of the Carson River and from the Morgan River 
below the waterfall at site 21 (see Figures 1 and 2). 
This includes, however, a single Milkfish that was 
recorded from Dominic Creek (site 42) that is not 
part of the King Edward River system (see Figures 
land 2). 

In contrast to the low diversity of marine/ 
estuarine fishes captured in the freshwaters of 
the King Edward River system, the freshwater 
species diversity was high (Table 1). The Western 
Rainbowfish (Melanotaenia australis ) accounted 
for over two-thirds of all fish captured and was 
found at 35 of the 42 sites sampled. The next 
most abundant species, the Spangled Perch 
(Leiopotherapon unicolor ), was also encountered at 
35 sites and contributed to -5.9% (828 individuals) 
of the total captures. The other freshwater species 
captured included some species not previously 
recorded from the river, i.e. Slender Gudgeon 
(Hypseleotris ejuncida), Kimberley Mogurnda 
(Mogurnda oligolepis ), Silver Cobbler ( Neoarius 
midgleyi), RendahTs Catfish ( Porochilus rendahli ) and 
Butler's Grunter ( Syncomistes butleri ) and potentially 
a new species of glassfish ( Ambassis sp. 1). A brief 
account of each of the freshwater species captured 
is given below. 

Species synopses 

Bony Bream ( Nematalosa erebi (Gunther, 1868) 

(CLUPEIDAE) 

A total of 341 Bony Bream was captured at a total 
of nine sites during this study, all either within the 
Carson River or below the waterfall on the Morgan 
River (site 21) (Figure 3). None was captured in the 
King Edward River upstream of the confluence 
with the Carson River. Hutchins (1977) recorded 
five individuals from Palmoondoora Creek and 25 
from the Carson River. 

Lesser Salmon Catfish ( Neoarius graeffei (Kner and 

Steindachner, 1867)) (ARIIDAE) 

A total of 76 Lesser Salmon Catfish was captured 
during this study at seven sites. All capture sites 
were within the Carson River main channel or the 
lower reaches of the Morgan River downstream 
of site 21 (Figure 3). Hutchins (1977) also reports 
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Table 1 The sites at which the different freshwater fish species were captured in the King Edward River and its tribu¬ 
taries and in the Carson River and tributaries including the Morgan River (see Figure 1 for site localities). 
+denotes that the species was reported by Hutchins (1977), * by Allen and Leggett (1990) and D represents the 
species being only found in Dominic Creek (site 42). KE = King Edward, CR = Carson River. 


Fish species captured *^8 Edward Carson River sites 

r r K ivpr cif pc 


Freshwater fishes 


Bony Bream ( Nematalosa erebi) 


21,25-26,28,32-35,40 + 

0,9 

Lesser Salmon Catfish ( Neoarius graeffei) 


21,25,26,28,32-35 + 

0,8 

Shovel-nosed Catfish ( Neoarius midgleyi) 


21,22,26-28,32,35 

0,7 

Black Catfish ( Neosilurus ater) 


21,28,32,34,35 + 

0,5 

Hyrtl's Tandan (. Neosilurus hyrtlii) 

1-3,7,8,13-15 

10,11,17,26,28,32,34,35 + 

8,8 

False-spined Catfish ( Neosilurus pseudospinosus) 


28+ 

0,1 

Rendahl's Catfish ( Porochilus rendahli) 

1 

40 

1,1 

Freshwater Longtom (Strongylura krefftii ) 


21,25-32,34,35 + 

0,11 

Western Rainbowfish ( Melanotaenia australis) 

1-9,13-15,29-31* 

10,11,16,17,19-26,28, 32,34,35,38-41+* 

15,20 

Slender Rainbowfish ( Melanotaenia gracilis) 


18 + 

0,1 

Black-banded Rainbowfish ( Melanotaenia nigrans ) D 



D 

Prince Regent Hardyhead ( Craterocephalus lentiginosus) 


21,22,28,32-35,38,40* 

0,9 

Macleay's Glassfish ( Ambassis macleayi) 


26,28,32-34 + * 

0,5 

Ambassis sp.l 

1-6,9,13,14 

11,17,34,23,38,40 

9,6 

Mouth Almighty ( Glossamia aprion) 


32,34,38,40* 

0,4 

Seven-spot Archerfish ( Toxotes chatareus) 


21,22,25-28,32-35,38+ 

0,11 

Barred Grunter ( Amniataba percoides) 


19,21,22,24-28,32-35,38,40+* 

0,14 

Long-nose Sooty Grunter ( Hephaestus epirrhinos) 


t 

0 

Jenkins' Grunter or Black Bream (Hephaestus jenkinsi) 

1-4,9,13,31 

16,17,19,21,22,25-28,32-35+* 

7,13 

Spangled Perch ( Leiopotherapon unicolor) 

1-9,13-15,29-31* 

10,16-20,21-26,28,32-36,38,40+* 

15,20 

Butler's Grunter (Syncomistes butleri) 


21,22,28,32,35 

0,5 

Long-nose Grunter (Syncomistes trigonicus) 

3,9,13 

16,17,33+ 

4,3 

Empire Gudgeon (Hypseleotris compressa) 


41 

0,1 

Slender Gudgeon (Hypseleotris ejuncida) 


32,34 

0,2 

Kimberley Mogurnda (Mogurnda oligolepis) 

7,8,14,15,29,30 

10,17,24,38 

6,4 

Northern Trout Gudgeon (Mogurnda mogurnda) 


n 

0 

Giant Gudgeon (Oxyeleotris selheimi) 


24+t 

0,1 

Flathead Goby (Glossogobius giuris) 

3 

21,26,28,32-35+* 

1,7 


Marine fishes in the freshwaters 


Ox-eye Herring (Megalops cyprinoides) 

32 

0,1 

Milkfish (Chanos chanos) D 


D 

Barramundi (Lates calcarifer) 

21,22,26-28,32-33,35 

0,8 
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this species from the Carson River upstream of the 
Morgan River mouth. 

Shovel-nosed Catfish (Neoarius midgleyi (Kailola and 
Pierce, 1988)) (ARIIDAE) 

A total of 131 Shovel-nosed Catfish (or Silver 
Cobbler) was captured during this study at seven 
sites (Figure 3). All capture sites were within the 
Carson River main channel or the lower reaches 
of the Morgan River downstream of site 21 (see 
Figure 3) and essentially parallels the distribution 
of the other fork-tailed catfish (Fesser Salmon 
Catfish) in the system. There have been no other 
published reports of this species being found in the 
catchment. The Western Australian Museum has a 
number of specimens from the Ord River system 
in WA, which is east of the Carson River, and one 
specimen from an undisclosed site that falls within 
the Fitzroy catchment. Allen et al. (2002) reports the 
species to be found in rivers east (and north) of the 
Fitzroy River in the southern Kimberley, however, 
recent studies have not recorded the species in that 
river (see Morgan et al. 2004). Thus, the finding of 
Silver Cobbler within the Carson River represents 
a notable range extension to the west by -200 km. 
Fish up to 722 mm total length (TF) were captured 
during this study. 

Black Catfish ( Neosilurus ater (Perugia, 1894)) 
(PFOTOSIDAE) 

As with the two fork-tailed catfishes, the eel¬ 
tailed Black Catfish was only captured within the 
Carson River (Figure 3). The Black Catfish was 
much rarer that the fork-tailed catfishes with only 
nine individuals recorded at five sites. Highly 
regarded as a food fish to the people of Kalumburu, 
the nine captured during this study ranged from 
314-402 mm TF. Hutchins (1977) also reported a 
single specimen from the Carson River upstream of 
the Morgan River mouth. 

HyrtTs Tandan ( Neosilurus hyrtlii Steindachner, 
1867) (PFOTOSIDAE) 

Hyrtl's Tandan was widely distributed 
throughout the sites sampled in this study (see 
Figure 3). However, they were most abundant in 
the upper King Edward River main channel and its 
tributaries. For example, 65 individuals were found 
in four main channel sites and 175 in four tributary 
sites of the King Edward River. This contrasts the 
catches in the Carson River and Morgan River 
where only five and six individuals respectively 
were captured. None was captured in the Carson 
River tributary sites. 

False-spined Catfish ( Neosilurus pseudospinosus 
Allen and Feinberg, 1998) (PFOTOSIDAE) 

A single False-spined Catfish (295 mm TF) was 


captured at site 28 in the Carson River during this 
study (see Figure 3). Hutchins (1977) reported 16 
individuals from the Carson River (74-279 mm SF) 
and a further five specimens from Palmoondoora 
Creek (89-147 mm SF). 

RendahTs Catfish ( Porochilus rendahli Whitley, 1928) 
(PFOTOSIDAE) 

RendahTs Catfish has not previously been 
reported from the King Edward or Carson Rivers. 
The species has a patchy distribution across 
northern Australia (Allen et al. 2002) and the same 
may be said within the King Edward River system 
(see Figure 3) where only two individuals were 
found at one site in the upper reaches of the King 
Edward River (site 1) and in one tributary site near 
the mouth of the river (site 40). 

Freshwater Fongtom ( Strongylura krefftii (Gunther, 
1866)) (BEFONIDAE) 

A total of 41 Freshwater Fongtom were recorded 
during this study, all of which were found either 
within the main channel of the Carson River or 
in the lower Morgan River (Figure 3). None was 
captured in the King Edward River upstream of the 
confluence with the Carson River. Hutchins (1977) 
recorded five individuals (61-329 mm TF) from the 
Carson River upstream of the junction with Orchid 
Creek. 

Western Rainbowfish (Melanotaenia australis 
(Castelnau, 1875)) (MEFANOTAENIIDAE) 

The Western Rainbowfish was extremely 
widespread and abundant (Figure 3) and was 
captured at all main channel sites in the King 
Edward River and in all of the King Edward River 
tributary sites. The species was also found within 
all but one Morgan River site, where it was replaced 
by the Slender Rainbowfish, and all but two Carson 
River main channel sites and two Carson River 
tributary sites. Western Rainbowfish represented 
approximately 80% of all captures in the King 
Edward main channel. King Edward tributaries 
and Carson tributary sites, but it was much less 
abundant in the Carson River main channel 
(Figures 7 and 8). 

Slender Rainbowfish ( Melanotaenia gracilis Allen, 
1978) (MEFANOTAENIIDAE) 

In contrast to the Western Rainbowfish, the 
Slender Rainbowfish is extremely restricted within 
the study region (Figure 3) and was only captured at 
a single tributary site within the Morgan River (site 
3). At this site it was however very abundant, with 
265 individuals captured. The only co-occurring 
species at this site was the Spangled Perch. The 
overall distribution of the Slender Rainbowfish is 
highly restricted, with it being known only to occur 
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Table 2 Meristics and morphological counts for the unidentified glassfish captured in the King Edward River (n = 
10) compared to the Northwest Glassfish (Ambassis sp. - formerly Ambassis mulleri) (from Allen and Burgess 
1990). For an explanation of characters see Allen and Burgess (1990). SL = standard length. 


Meristics and morphological counts 

Northwest Glassfish 

King Edward Glassfish 

Preorbital ridge 

smooth or 1-11 spines 

smooth 

Suborbital 

occasionally smooth or 1-14 spines 

smooth 

Supraorbital ridge 

1 spine 

smooth or with 1 spine 

Hind margin of preoperculum 

1-10 spines 

Smooth 

Predorsal scales 

13-14 

9-12 

Vertical scale rows 

25-26 

23-26 

1 st dorsal spines 

7 

6-8 

2 nd dorsal soft rays 

8-9 

7-9 

Pectoral fin rays 

11-13 

10-12 

Snout length (% of SL) 

6.3-8.1 

6.5-10.3 

Body depth (% of SL) 

36.4-45 

29.1-39.0 

Caudal peduncle depth (% of SL) 

15.5-17.5 

13.2-21.6 

1 st dorsal height (% of SL) 

24-36.8 

20.2-27.3 

Gill rakers on lower limb of first arch 

16-19 

15-16 


in the King Edward and Drysdale River systems 
(Allen 1978; Allen et al 2002). 

Black-banded Rainbowfish (Melanotaenia nigrans 
Richardson, 1843) (MELANOTAENIIDAE) 

The Black-banded Rainbowfish was not captured 
within the King Edward River system but it was 
found at a single site on Dominic Creek (site 42) 
which is ~15 km to the east of the mouth of the 
King Edward River (Figure 3). The species was 
previously reported in Dominic Creek by Allen and 
Leggett (1990). 

Prince Regent Hardyhead ( Craterocephalus 
lentiginosus Ivantsoff, Crowley and Allen, 1987) 
(ATHERINIDAE) 

The Prince Regent Hardyhead was absent from 
our catches in the King Edward River main channel 
and the tributary sites of the King Edward River 
and Morgan River (upstream of site 21; Figure 3), 
but was relatively abundant in the main channel 
of the Carson River and lower Morgan River and 
within two tributaries of the lower main channel 
(see Figures 3, 7 and 8). A total of 361 individuals 
were captured, with over 80% of these being 
found in the Carson River main channel and lower 
Morgan River. Allen and Leggett (1990) captured 
eight specimens of this species near Kalumburu. 

Macleay's Glassfish (Ambassis macleayi (Castelnau, 
1878)) (AMBASSIDAE) 

Macleay's Glassfish was only captured within 
main channel sites of the Carson River (Figure 4). 
A total of 165 individuals were captured within five 


sites (see Figures 6 and 7). Allen and Leggett (1990) 
however, reported four individuals (16-26 mm SL) 
from Monger Creek, ~10 km west of Kalumburu. 

Ambassis sp. (AMBASSIDAE) 

An unidentifiable species of glassfish (Ambassis 
sp.) was found to be widespread throughout 
the King Edward River system (Figure 3). It was 
particularly abundant in the main channel of the 
upper King Edward River where it was recorded at 
all sites (344 individuals). A further 110 individuals 
were captured within the tributaries of the upper 
King Edward, while 69, 22 and 57 were recorded 
from the Morgan River, Carson River and Carson 
tributaries, respectively. This species was not 
reported by previous authors from the river. Allen 
et al. (2002) provide a broad Kimberley distribution 
for the Northwest Glassfish (Ambassis sp., formerly 
A. mulleri), but based on the description they 
provide and from that in Allen and Burgess (1990), 
the King Edward glassfish can be distinguished 
by a number of characters. For example, from 
10 individuals examined (22.5-49.9 mm TL; 
17.1-36.6 mm SL), morphological differences 
such as head spines, fin rays, as well as relative 
body measurements are different (see Table 2). 
The suborbital, preorbital ridge and hind margin 
of the preoperculum are all smooth in the King 
Edward glassfish but are spinous on the Northwest 
Glassfish. Furthermore, there are differences in 
proportional body measurements and generally 
fewer gill rakers and predorsal scales in the King 
Edward Ambassis (Table 2). From the above it 
appears likely that the King Edward species may 
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Figure 3 


The distributions of, N. graeffei, N. midgleyi, C. lentiginosus, M. australis, M. gracilis, M. nigrans, N. erebi, N. ater, 
N. hyrtlii, N. pseudospinosus, P. rendahli and S. krefftii in the King Edward River system. 
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Figure 4 The distributions of, Ambassis sp., A. macleayi, H. compressa, H. ejuncida, M. oligolepis, O. selheimi, G. aprion, G. 

giuris, T. chatareus, A. percoides, H. jenkinsi, L. unicolor, S. butleri and S. trigonicus in the King Edward River sys¬ 
tem (N.B. Hutchins (1977) recorded H. epirrihinos (Terapontidae) from Palmoondoora Creek). 
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be a new species. More detailed measurements of 
the specimens and comparisons of other taxa are 
required for its formal description. 

Mouth Almighty ( Glossamia aprion (Richardson, 

1842)) (APOGONIDAE) 

The Mouth Almighty was only captured at two 
main channel and two tributary sites of the Carson 
River (Figure 4). None was captured within the 
King Edward River. A total of 48 individuals were 
caught accounting for less than 0.4% of all fish 
captured. Allen and Leggett (1990) recorded five 
individuals from Monger Creek, ~10 km west of 
Kalumburu, while Hutchins (1977) recorded five 
from the Carson River upstream of the confluence 
with the Morgan River. 

Seven-spot Archerfish (' Toxotes chatareus (Hamilton, 

1822)) (TOXOTIDAE) 

While Hutchins (1977) captured 12 specimens 
of the Seven-spot Archerfish in the Carson River 
above the confluence with the Morgan River, 
during this study a total of 363 individuals were 
recorded from all main channel Carson River sites 
sampled and from one tributary site (Figure 4). The 
species was not captured within the King Edward 
River upstream of the confluence with the Carson 
River, but accounted for ~13% of all fish captured in 
the Carson River main channel and less than 1% of 
fish captured in the tributaries of the Carson River. 

Barred Grunter (Amniataba percoides (Gunther, 1864)) 


(TERAPONTIDAE) 

The Barred Grunter was extremely common 
within the Carson River main channel, and with 
the exception of five individuals captured in the 
Carson tributaries it was not recorded anywhere 
else (Figure 4). A total of 360 individuals were 
recorded and they accounted for approximately 
13% of all fish captured in the Carson River main 
channel. Allen and Leggett (1990) recorded three 
fish in Monger Creek and a further nine in the 
lower King Edward River near Monger Creek. 
Hutchins (1977) recorded a total of 26 individual 
Barred Grunter in the Carson River upstream 
of the confluence with the Morgan River and in 
Palmoondoora Creek below Morgan Falls. 

Long-nose Sooty Grunter (Hephaestus epirrhinos Vari 
and Hutchins, 1978) (TERAPONTIDAE) 

The Long-nose Sooty Grunter was not captured 
during this study but it was recorded by Hutchins 
(1977) below Morgan Falls on Palmoondoora Creek. 
Other than that record, the species is only known 
from the nearby Drysdale River (Figure 4). 

Jenkins' Grunter (Hephaestus jenkinsi (Whitley, 
1945)) (TERAPONTIDAE) 

With the exception of two individuals captured 
in a small tributary of the King Edward River, the 
Jenkins' Grunter (otherwise known as Western 
Sooty Grunter or Black Bream) is restricted to main 
channel sites or larger waterbodies (Figure 4). It is 
highly regarded as a food fish by local people and 



Figure 5 'Blubber lip' condition in Jenkins' Grunter. 
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is the most commonly sought-after fish in the area. 
The species appears to obtain a much larger size in 
the King Edward than the Fitzroy River or it may 
be that fishing pressure is less in the King Edward. 
A relatively large proportion of individuals in the 
King Edward River have lips enlarged forming 
large fleshy pads curling posteriorly on both lips 
(Figure 5), commonly referred to as 'blubber-lips'. 
Of 61 superficially examined in the Carson River, 
19 had obvious 'blubber-lips' while two had minor 
'blubber-lips'. The condition is probably genetic 
but may be related to diet. This condition was 
previously reported for the species in the Carson 
River by Hutchins (1977) and has been reported 
for the species elsewhere by Vari (1978). Vari (1978) 
also reported this condition in another Kimberley 
terapontid, i.e. Hannia greenwayi Vari, 1978. 

Spangled Perch ( Leiopotherapon unicolor (Gunther, 

1859)) (TERAPONTIDAE) 

The Spangled Perch was captured in all but six 
sites sampled during this study (Figure 4). It was 
most abundant in the tributary sites and accounted 
for ~6% of all captures across all sites. In the 
tributaries of the King Edward, Morgan and Carson 
Rivers the species contributed to 10.8, 7 and 13.8% 
of the catches, respectively, whereas in the main 
channel of the upper King Edward and the Carson 
River they were less abundant contributing to 2.8 
and 1.8%, respectively, of the catches in these parts 
of the catchment (Figures 7 and 8). 

Butler's Grunter ( Syncomistes butleri Vari, 1978) 

(TERAPONTIDAE) 

Butler's Grunter was previously only known from 
rivers east of, and including, the Drysdale River 
east to the Liverpool River in the Northern Territory 
(Allen et al. 2002). Thus, its capture within the 
Carson River represents a westerly range extension 
for the species (Figure 4). A total of 16 individuals 
were captured at five sites within the Carson River 
main channel where they were mainly found under 
shaded deep river banks. 

Long-nose Grunter ( Syncomistes trigonicus Vari, 

1978) (TERAPONTIDAE) 

The Long-nose Grunter is relatively common in 
the main channel of the upper King Edward River 


where 241 individuals were captured (Figures 4, 7 
and 8). While none were recorded in the tributaries 
of the King Edward or Carson River, the species 
was recorded in the Morgan River (4 individuals) 
and Carson main channel (1 individual). 

Empire Gudgeon ( Hypseleotris compressa (Krefft, 

1864)) (ELEOTRIDAE) 

A single Empire Gudgeon was recorded in a 
small tributary near the mouth of the King Edward 
River (Figure 4). The species had not previously 
been recorded from this river, but is widespread 
throughout northern Australia (Allen et al. 2002). 

Slender Gudgeon ( Hypseleotris ejuncida Hoese and 

Allen, 1983) (ELEOTRIDAE) 

The Slender Gudgeon was previously only known 
from a few specimens from Gundarara Creek in 
the Prince Regent River, West Kimberley (Hoese 
and Allen 1983). The 21 individuals captured in the 
Carson River main channel (Figure 4) represent a 
range extension for the species. At one site all were 
captured using mask and snorkel and a dip net. 
Fish were observed suspended almost vertically in 
the water column amongst fallen leaves and roots 
of Pandanus. 

Kimberley Mogurnda (Mogurnda oligolepis Allen 

and Jenkins, 1999) (ELEOTRIDAE) 

The Kimberley Mogurnda (or False-spotted 
Gudgeon) was never captured from sites within 
the main channel of the King Edward or Carson 
River (Figure 4). It was, however, relatively 
common in tributary sites, particularly those of 
the upper King Edward River (Figures 4, 6 and 
7). Allen and Leggett (1990) recorded a different 
species of Mogurnda, the Northern Trout Gudgeon 
(Mogurnda mogurnda (Richardson, 1844)), from 
Monger Creek near Kalumburu. Hutchins (1977) 
also reported seven Northern Trout Gudgeon 
from Palmoondoora Creek. It is worth noting 
that the Kimberley Mogurnda was described by 
Allen and Jenkins in 1999, after the studies by 
Allen and Leggett (1990) and Hutchins (1977), and 
they included in their description as paratypes 
the specimens captured by Hutchins (1977). A 
number of the Mogurnda captured were retained 
for examination to ascertain which species they 


Table 3 Lateral scale counts of the Kimberley Mogurnda (Mogurnda oligolepis ) (overall and from the King Edward 
River during this study) and for the Northern Trout Gudgeon (Mogurnda mogurnda). Modified from Allen and 
Jenkins (1999). 


Lateral scale count 

30 31 

32 

33 

34 

35 

36 

37 

38 

39 40 41 42 43 44 45 46 47 

Northern Trout Gudgeon 




1 

5 

5 

5 

2 

5 2 2 2 1 1 1 1 2 

Kimberley Mogurnda 

2 

1 

9 

2 

2 

9 

9 

2 

1 

King Edward River 

3 

8 

9 

4 

5 

3 
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represented. While M. mogurnda and M. oligolepis 
have some differences in coloration, with the 
Kimberley Mogurnda having fewer, and larger, 
red spots along the base of the anal fin, preserved 
specimens are best recognised by the number 
of lateral line scales. The Kimberley Mogurnda 
generally has fewer lateral line scales but there is 
some overlap (31-39 in M. oligolepis and 34-47 in 
M. mogurnda ) (see Table 3). From the lateral scale 
counts of 32 of the 51 Mogurnda captured during 
this study, all had fewer than 37 scales, but most 
had less than 34 lateral scales, indicating that they 
were all likely to be the Kimberley Mogurnda and 
not the Northern Trout Gudgeon. 

Giant Gudgeon (i Oxyeleotris selheimi (Steindachner, 

1867)) (ELEOTRIDAE) 

A single large gudgeon that appeared to be 
either the Giant Gudgeon ( Oxyeleotris selheimi ) or 
the Sleepy Cod ( Oxyeleotris lineolata ) was found 
in a tributary of the Carson River (Swider Creek). 
These species are most easily distinguished by O. 
lineolata lacking dark spots on the anal, pelvic and 
pectoral fins. While the one captured in the King 
Edward River was not retained, but had spots on 
anal fin and based on the geographic range given 
by Allen et al. (2002) it was almost definitely the 
former. The Giant Gudgeon, unlike the Sleepy 
Cod, has a distribution that extends to the western 
Kimberley. The Sleepy Cod has only been recorded 
from streams east of, and including, the Ord River 
(Figure 4). 

Flathead Goby (Glossogobius giuris (Hamilton, 1822)) 

(GOBIIDAE) 

With the exception of four individuals captured 
near Prap Prap on the upper King Edward River, 
Flathead Gobies were only caught in the main 
channel sites sampled in the Carson River or below 
the waterfall at site 21 on the lower Morgan River 
(Figure 4). 

Habitat associations of the fishes in the King 
Edward River system 

There were considerable differences in the fish 
fauna associated with the various sections of 
the King Edward River system. For example, the 
number of species captured in the upper King 
Edward River main channel was low (average of 
5.5 species captured/site) compared to the Carson 
River main channel sites (an average of 12.4 species 
captured/site) (Figure 6). Similarly, within the 
Morgan River upstream of site 21, the King Edward 
River tributaries and the Carson River tributaries, 
the diversity of fishes was comparatively low, with 
an average of 3.2, 3.7 and 3.6 species recorded, 
respectively (Figure 6). 

The differences between the fishes in the different 


15 

14 



Figure 6 Mean number of fish species captured (±1SE) 
in the different regions of the King Edward 
River system (see also Figure 1). 

sections of the catchment can not only be measured 
in terms of species diversity, but also in the species 
associations within the various riverine sections. 
For example, the sites sampled in the King Edward 
River main channel were dominated by Western 
Rainbowfish (84.4% of all fish), Ambassis sp. (6.1%), 
Long-nose Grunter (4.3%), Spangled Perch (2.8%), 
HyrtTs Tandan (1.2%) and Jenkins' Grunter (1%), 
with one Rendahl's Catfish and four Flathead Goby 
captured at one site (Figure 7). In contrast, within 
the tributary sites of the King Edward River there 
were higher relative abundances of the Spangled 
Perch (10.8% cf. 2.8%) and Hyrtl's Tandan (5.6% cf. 
1.2%), but far fewer Jenkins' Grunter (2 individuals 
cf. 62) and no Long-nose Grunter or Flathead 
Goby were captured (Figure 7). The Kimberley 
Mogurnda, while absent from the main channel 
King Edward sites, was found in six King Edward 
River tributary sites and contributed to 1.2% of 
captures. 

The sites sampled in the Carson River and lower 
Morgan River had far more diverse fish faunas than 
the upper King Edward River, with not only many 
of the above species captured, but species recorded 
also included Barramundi, Silver Cobbler, Lesser 
















364 


D.L. Morgan 


100 r 


30 - 


<D 60 
to 


8 40 
1 — 

(L 

CL 


20 - 


0 L 


King Edward tributary sites 


□ LI 


_ □ 




80 - 


V 60 
to 


40 - 


20 - 


0 L 




e ®Is ai % 

6 ^ 


co 5 



Species 

100 f King Edward main channel sites 


_ U □ 



Species 


Figure 7 Percentage contributions to the total catch of the different species in the upper King Edward River main 
channel compared to tributary sites. 


Salmon Catfish, Black Catfish, False-spined Catfish, 
Macleay's Glassfish, Prince Regent Hardyhead, 
Ox-eye Herring, Seven-spot Archerfish, Flathead 
Goby, Bony Bream, Butler's Grunter, Barred 
Grunter, Mouth Almighty, Freshwater Longtom 
and a restricted species of gudgeon (Slender 
Gudgeon) (Figure 8). Within these sites the relative 
contribution of Western Rainbowfish (20.7%), 
Ambassis sp. (< 1%), Hyrtl's Tandan (< 1%) and 
Spangled Perch (1.8%) were noticeably lower than 
within the King Edward River and its tributaries 


and no Kimberley Mogurnda and only one Long- 
nose Grunter were recorded there. Within the 
Morgan River and its tributaries upstream of site 
21, apart from the Slender Rainbowfish which was 
recorded at only one site and was found nowhere 
else during the study, these sites were characterised 
by a similar suite of species to the King Edward 
tributaries (Figure 8). The tributaries of the 
Carson River, which were dominated by Western 
Rainbowfish (77.2% of all fish) and Spangled Perch 
(13.8%), were differentiated from other tributary 










Fishes of the King Edward River 


365 


Table 4 R-stat values for ANOSIM pairwise comparisons of the fish fauna associated with the different regions of the 
King Edward River system. Significantly different faunal relationships are represented by: *P < 0.5, **P < 0.01 
and ***P < 0.001. 


REGION 

King Edward River 

King Edward tributary 

Morgan River 

Carson River 

King Edward tributary 

0.469** 

- 

- 

- 

Morgan River 

0.291** 

0.140* 

- 

- 

Carson River 

0.933*** 

0.945*** 

0.750*** 

- 

Carson tributary 

0.271* 

0.207* 

-0.082 

0.719*** 


sites by containing a number of species that are 
restricted to either these sites or the Carson River 
main channel (Figure 8). 

The above differences in fishes associated 
with the different regions of the King Edward 
River system are further highlighted when 
examining these data using PRIMER. Both MDS 
and ordination of these data clearly demonstrated 
similarities (and differences) between the different 
regions. Both methods separate the Carson River 
sites from the tributary sites and the King Edward 
River main channel (Figure 9). The outlying sites 
on the bottom of the MDS are separated on the 
basis of each site containing a species that was 
captured nowhere else in the catchment, i.e. Slender 
Rainbowfish in the Morgan River tributary (site 
18) and the Empire Gudgeon in a Carson River 
tributary site (site 41). 

Analysis of Similarity (ANOSIM) suggested that 
these major differences in species occurrences 
throughout the catchment were, in most cases, 
highly significant (P < 0.01) (Table 4). The instance 
where two regions were considered not to differ 
in terms of prevailing fish fauna was between the 
Morgan River and the tributaries of the Carson 
River. The Carson River main channel however was 
found to have highly significant differences (P < 
0.001) to all other regions sampled (Table 4). 

DISCUSSION 

The King Edward River system in the far north 
of Western Australia's Kimberley region is home 
to a unique array of fishes. The 27 freshwater fish 
species is the highest number recorded for any 
river system in Western Australia and surpasses 
the known number of freshwater fish species from 
other Kimberley Rivers, including the much larger 
Fitzroy and Ord Rivers (see Morgan et al. 2004; Gill 
et al. 2005). This total however, includes two species 
of Mogurnda, one of which was recorded during 
previous studies. These specimens, which were 
collected by Allen and Leggett (1990) are likely 
to be the Kimberley Mogurnda which was only 
recently described by Allen and Jenkins in 1999 
(see Table 4). Thus, the King Edward River system 
is likely to contain at least 26 species of freshwater 


fish. 

The study also resulted in a number of important 
range extensions. For example, Butler's Grunter 
was previously only known from rivers east of, and 
including, the Drysdale River and the finding of 
Silver Cobbler within the Carson River represents a 
notable range extension to the west. The extremely 
cryptic Slender Gudgeon was previously only 
known from a few specimens from the Prince 
Regent River and its range has now been extended 
to the north-east. 

Morphological examination of the unidentified 
glassfish from the King Edward River suggests 
that is likely to represent an undescribed 
species. The 10 individuals examined revealed a 
unique arrangement of head spines, fin rays and 
relative body measurements (see Table 3). The 
suborbital, preorbital ridge and hind margin of the 
preoperculum are all smooth in the glassfish from 
the King Edward but are spinous in the Northwest 
Glassfish, which is apparently common throughout 
the Kimberley (Allen et al. 2002). Furthermore, there 
are differences in proportional body measurements 
and generally fewer gill rakers and predorsal scales 
in the King Edward Ambassis (Table 3). 

There were significant differences between the 
fish fauna associated with the various sections of 
the King Edward River system. For example, the 
Carson River main channel was the most diverse 
in terms of species occurrences, when compared to 
its tributaries and the tributaries and main channel 
of the King Edward River. These differences are 
largely attributed to both the fact that particular 
species are often associated with either tributaries 
or larger water bodies and that the upstream 
migrations of many of the river's species have been 
hindered by the presence of natural barriers such 
as rock bars and waterfalls. Thus, it appears that 
most of the upper King Edward River has been 
isolated from other rivers, including the Carson 
River for a long time. Species such as Bony Bream, 
Lesser Salmon Catfish, Silver Cobbler, Black Catfish, 
False-spined Catfish, Freshwater Longtom, Prince 
Regent Hardyhead, Macleay's Glassfish, Mouth 
Almighty, Seven-spot Archerfish, Barred Grunter 
and Butler's Grunter are essentially restricted to the 
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Percentage contributions to the total catch of the different species in the Carson River tributaries, main chan¬ 
nel, and the Morgan River main channel and tributaries (upstream of site 21). + denotes that the species was 
reported from Palmoondoora Creek by Hutchins (1977). 
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Figure 9 Multidimensional scaling (MDS) plot of the fish species associated with the sites sampled in the King Edward 
River, the Morgan River and the Carson River and their tributaries (see Figure 1 for site locations). 


lower altitude sites on the Carson River (and lower 
Morgan River and King Edward River) and have 
never had access to most of the King Edward River. 
Species such as the Kimberley Mogurnda is mainly 
restricted to tributary sites while the abundances 
of Western Rainbowfish and Spangled Perch are 
much higher in tributaries. Conversely, Jenkins' 
Grunter are only associated with main channel sites 
throughout the catchment. 

Waterfalls are also seen as limiting the number 
of migratory marine/estuarine species that enter 
freshwaters. For example, only two species that 
must complete their life-cycle in salt water were 
captured in the King Edward River system. This 
compares to 14 marine/estuarine species that utilise 
the freshwaters of the Fitzroy River (Morgan et al. 
2004). 

It appeared that Jenkins' Grunter population 
within the King Edward River system were 
dominated by large fish when compared with the 
Fitzroy River. Either growth rates are higher due 
to warmer temperatures experienced in this more 
northerly river or fishing pressure is far less in 
the King Edward, or there are underlying genetic 
differences, or perhaps a combination of each. 
At popular camping areas the maximum size 
of Jenkins' Grunter was generally much smaller 
than in areas that are rarely accessed and thus 
the species may be susceptible to high fishing 
pressure. In order to maintain stocks of Jenkins' 
Grunter and other species that are important food 
species to the traditional owners of the Kimberley, 
biological examinations should commence to 
determine the growth characteristics, length and 
age at maturity and breeding season of species in 
the region. Without such knowledge it is difficult to 
conserve fish stocks and maintain quality fishing 
opportunities. Thus, both size or bag limits could 
be applied, and in parts of the system that are 


important from a conservation perspective, the 
benefit of establishing Fish Habitat Protection Areas 
should be addressed. 
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Abstract Proxichione elimatula sp. nov. is described from the west and south 
coasts of Western Australia. Proxichione moondarae Darragh, 1965 is recorded 
from the Late Miocene of South Australia and Late Pliocene of Flinders Island, 
Tasmania. Proxichione cognata (Pritchard, 1903) is recorded from the Roe 
Calcarenite (Late Pliocene) of Western Australia. 

Keywords: new taxon, Murray Basin, Bass Basin. 


INTRODUCTION 

Australian fossil species of Proxichione were 
revised and the genus differentiated from 
similar looking taxa of the Veneridae by Darragh 
(1965). Since that time specimens of a new living 
congeneric species have been accumulating in the 
collections of the Western Australian Museum. 
In addition, the geographical and stratigraphical 
range of the genus has been extended. Fossils of 
Proxichione moondarae Darragh, 1965 have been 
collected in South Australia and on Flinders Island, 
Tasmania. Maxwell (1978) extended the range of 
the genus to New Zealand by describing two taxa 
from the Duntroonian and Waitakian (Oligocene) 
of the South Island. Ludbrook (1978) extended the 
range of fossils of the genus to Western Australia 
by recording the occurrence of Proxichione sp. cf. P. 
cognata (Pritchard 1903) in the Roe Calcarenite (Late 
Pliocene, Eucla Basin). The stratigraphical range of 
the genus is now recognised as extending from the 
Late Oligocene to Recent in Australia, and in the 
Late Oligocene in New Zealand. 

Species of Proxichione are the largest of the 
Australian fossil and living venerids and are 
amongst the largest of all Australian infaunal 
bivalves. There are four living species of the 
genus ranging from the Great Australian Bight 
westwards and northwards around the coast 
of Western Australia to the Northern Territory, 
Queensland and New South Wales to about Eden, 
in depths from just below low tide level to about 
200 metres. The species are P. materna Iredale, 1929 
(distributed from central to southern New South 
Wales), P. chemnitzii (Hanley, 1845) (distributed 
from north-western Western Australia to northern 
New South Wales and extending into the western 
Indo-Pacific as far as India and Madagascar), 
P. elimatula sp. nov. (distributed from the Great 


Australian Bight westwards and northwards to off 
Kalbarri, Western Australia) and the smallest of the 
species P persimilis (Iredale, 1930) (distributed from 
central New South Wales northwards to southern 
Queensland). This last species was designated as 
the type species of Tigammona Iredale, 1930 (Figure 
1G-L). 

Proxichione belongs to a group of venerid bivalves 
with prominent comarginal and radial sculpture. 
The radial sculpture consists of simple, rounded 
ribs, whereas the comarginal sculpture consists of 
prominent erect lamellae, which are corrugated 
where they cross the ribs and may be recurved 
towards the umbones of the shell. The oldest 
named genus of this group is Antigona, which 
has been used by some authors (e.g. Lamprell 
and Whitehead 1992; Jansen 2000) to include 
species now placed in Proxichione. The differential 
characters that distinguish these similar looking 
taxa are summarised as below. 

Antigona Schumacher, 1817 
(Figure 1A-F) 

Type species: A. lamellaris Schumacher, 1817 

Diagnosis 

Shell small; pallial sinus small and triangular; 
left anterior lateral tooth well developed and 
the corresponding socket in the right valve well 
defined; escutcheon wide and well defined on both 
valves. 

Proxichione Iredale, 1929 
(Figure 2G-I, K-L) 

Type species: P materna Iredale, 1929 
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Figure 1 A-F: Antigona lamellaris Schumacher, 1817, Lacepede Islands, Western Australia, conjoined valves (NMV F 
157434) (A-B, E- F x 1.5, C, D x 2); G-L: Proxichione persimilis (Iredale, 1929), Whale Point, Crookhaven Bight, 
New South Wales, conjoined valves (AM C 96073) (G-H x 2,1, J-L x 1.5). 


Diagnosis 

Shell generally large; pallial sinus large and 
angular; left anterior lateral tooth weakly 
developed; escutcheon on right valve very weakly 
developed. 

The genus Antigona has no fossil record in 
Australia. Its living species inhabit very shallow 
water in northern New South Wales, Queensland, 


Northern Territory, and northern Western Australia. 

Of the other genera mentioned by Darragh 
(1965), Periglypta Jukes-Browne, 1914 (Figure 2A-C) 
is easily distinguished by the presence of a large 
rounded pallial sinus and a prominently grooved 
escutcheon. The genus Ameghinomya von Ihering, 
1907 (Type species: Venus volckmanni var. argentina, 
von Ihering, 1897) resembles Periglypta. It was 
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Figure 2 A-C: Periglypta puerpera (Linnaeus, 1771), Rudder Reef, Port Douglas, Queensland, conjoined pair (NMV 
F157432) (A-C x 1); D-F, J: Proxichione chemnitzii (Hanley, 1845), Safety Bay, Western Australia, conjoined 
valves (NMV F157435) (D-F, J x 0.75). G-I, K, L: Proxichione materna Iredale, 1929, Sydney Harbour, New South 
Wales, G, I, AM C93062c; H, L, AM C92062b; K, AM C93062a (all x 0.75). 
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little known in 1965 but a description and figures 
of the type species given by Del Rio (1994) show 
there are considerable morphological differences 
when it is compared to Periglypta, having a smooth 
escutcheon, a small and triangular pallial sinus and 
a lack of commarginal recurved lamellae on the 
outer surface of the valves. 

Maxwell (1978) stated that Proxichione resembles 
the venerid genus Dosina Gray, 1835 (type species 
D. zelandica Gray, 1835) but pointed out several 
distinguishing features. The most important of 
these is that species of Proxichione have prominent 
radial sculpture, whereas species of Dosina have very 
poorly developed radial sculpture or none at all. 

TERMINOLOGY AND ABBREVIATIONS 

Shell length is the maximum dimension of a 
valve measured parallel to a line between the 
midpoints of the two muscle scars. Shell height is 
the maximum dimension of a valve measured at 
right angles to the shell length. The inflation is the 
maximum thickness of one valve. 

The specimens studied are lodged in 
the following institutions: Australian Museum, 
Sydney (AM); Museum Victoria, Melbourne (NMV); 
Western Australian Museum, Perth (WAM). Fossil 
locality numbers, prefixed PL, are listed in the 
Museum Victoria fossil locality register. 

SYSTEMATICS 

Class Bivalvia Linne, 1758 

Family Veneridae Rafinesque, 1815 

Genus Proxichione Iredale, 1929 

Proxichione Iredale, 1929: 339; Darragh, 1965: 166; 
Maxwell, 1978: 25. 

Tigammona Iredale, 1930: 396. 

Type species 

Proxichione: Proxichione materna Iredale, 1929, by 
original designation, from Sydney Harbour, New 
South Wales. 

Tigammona: Tigammona persimilis Iredale, 1930, 
by original designation, from Manly, New South 
Wales. 

Proxichione elimatula sp. nov. 

Figures 3A-I 

Material examined 

Holotype 

Australia: Western Australia: 1 left valve, NW. of 


Green Island, 30°34'S, 114°44 , E, HMAS Diamantina 
Station DM1/72/068-3, B.R. Wilson, 22 March 1972, 
128 metres (WAM S34274) 

Paratypes 

Australia: Western Australia: 1 right valve, 
WNW of Cape Vlaming, Rottnest Island, FV 
"Bluefin" Stn. 29; 61-70 fathoms, dredged, 15 August 
1962, B.R. Wilson (WAM S41325); conjoined valves, 
W of west end Rottnest Island, FV 'Bluefin', 16 Sept. 
1965, 90 fathoms (WAM S41328); 1 right valve, 
W of Rottnest Island, 32°00'S, 115°16 / E, HMAS 
Diamantina Station DM6/63/225 , 12 October 1963, 
75-78 fathoms (WAM S34451); 1 left valve, SW 
of Dongara, 29°49'S, 112°24 , E, HMAS Diamantina 
Station DM6/63/214,11 October 1963 70-72 fathoms 
(WAM S34452). 

Other material 

Australia: Western Australia: NW of Bunbury, 
32°57.5'S, 114°48'E, HMAS Diamantina Station 
DM1/72/008, B.R. Wilson, 15 March 1972, 122-139 
metres, 1 right valve (WAM S34260); SW of 
Mandurah, 32°41 , S, 114°5rE, HMAS Diamantina 
Station DM1/72/030, B.R. Wilson, 17 March 1972, 
146-150 metres, 2 fragments (WAM S34261); W 
of Garden Island, 32°15.7 , S, 115°06.7 , E, HMAS 
Diamantina Station DM1/72/033, B.R. Wilson, 18 
March 1972, 176-182 metres, 2 right valves (WAM 
S34262); W of Garden Island, 32°19 , S, 115 07'E, 
HMAS Diamantina Station DM1/72/034, B.R. 
Wilson, 18 March 1972, 148-154 meters, 6 left valves 
and 5 right valves (WAM S34263); W of Rottnest 
Island, 32°00 , S, 115°15 , E, HMAS Diamantina Station 
DM1/72/78.2, B.R. Wilson & L. Joll, 23 March 1972, 
146-150 metres, 1 left valve and 2 right valves 
(WAM S34264); W of west end of Rottnest Island, 
FV 'Bluefin' Stn 1, B.R. Wilson, 10 August 1962, 
80 fathoms, 2 fragments (WAM S41337); NW of 
Rottnest Island, FV 'Bluefin' Station 31, B.R. Wilson, 
15 August 1962, 85 fathoms, 1 right valve (WAM 
S41336); W of Rottnest Island, 32°00 , S, 115°15'E, 
HMAS Diamantina Station DM1/72/078, B.R. 
Wilson & L. Joll, 23 March 1972, 146-150 metres, 
1 left valves and 2 fragments (WAM S34267); 
W of Rottnest Island, 32°00 , S, 115°15'E, HMAS 
Diamantina Station DM1/72/078, B.R. Wilson & 
L. Joll, 23 March 1972, 146-150 metres, 1 left valve 
and 1 right valve (WAM S34768); W of Rottnest 
Island, 32°0TS, 115°14 , E, HMAS Diamantina Station 
DM1/70/057, 28 November 1970, 100 fathoms, 1 
right valve (WAM S34269); W of Rottnest Island, 
32°00 , S, 115°15 , E, HMAS Diamantina Station 
DM1/72/078, B.R. Wilson.& L. Joll, 23 March 
1972, 146-150 metres, 3 fragments (WAM S34270); 
W of Rottnest Island, 32°00'S, 115°16'E, HMAS 
Diamantina Station DM6/63/225, 12 October 1963, 
75-78 fathoms, 2 left valves and 3 right valves (part 
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Figure 3 Proxichione elimatula, sp. nov.: A-B: W of west end of Rottnest Island, Western Australia, conjoined pair (WAM 
S41328), paratype; C, W of Rottnest Island, Western Australia (WAM S34451), paratype; D-E, SW of Dongara, 
Western Australia (WAM S34452), paratype; F, H, NW of Green Island, Western Australia (WAM S34274), ho- 
lotype; G, I, NNW of Cape Vlaming, Western Australia(WAM S41325), paratype (all x 1). 
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of S41326); W of Rottnest Island, 32°00 , S, 115°08'E, 
HMAS Diamantina Station DM6/63/144, 28 August 

1963, 75 fathoms, 1 left valve (WAM S41327); WNW 
of Rottnest Island, FV 'Bluefin' Stn 21, B.R. Wilson, 
14 August 1962, 80-90 fathoms, 1 left valve (WAM 
S41335); NNW of Rottnest Island, FV 'Bluefin' Stn 
28, B.R. Wilson, 15 August 1962, 65-70 fathoms, 

1 left valve (WAM S41334); W of Fancelin Island, 
31°05'S, 114°55 , E, CSIRO Station 46, 5 February 

1964, 62-67 fathoms, 1 left and 2 right valves (WAM 
S41333); W of Guilderton, 31°'34'S, 115°06'E, HMAS 
Diamantina Station DM1/72/077, B.R. Wilson, 23 
March 1972, 106-110 metres, 2 left valves (WAM 
S34271); W of Guilderton, 31°30'S, 114°56 , E to 31°34'S, 
115°06 , E, HMAS Diamantina Station DM1/72/076, 
B.R. Wilson, 146 metres, 4 left valves (WAM 
S34272); W of Guilderton, 31°45'S, 115°06 , E, HMAS 
Diamantina Station DM1/72/077, B.R. Wilson, 23 
March 1972, 106-110 metres, 1 right valve (WAM 
S34273); NW of Rottnest Island, 31°45'S, 115°09E , / 
HMAS Diamantina Station DM1/72/038, B.R. 
Wilson, 18 March 1972, 144-150 metres, 1 right 
valve (WAM S34265); NW of Green Island, 30°37'S, 
114°44'E, HMAS Diamantina Station DM1/72/068-1, 
B.R. Wilson, 22 March 1972, 139-146 metres, 1 
right valve and 2 fragments (WAM S34275); W of 
Cervantes, 30°33'S, 114°32 , E, HMAS Diamantina 
Station DM1/72/043, B.R. Wilson, 19 March 1972, 
154 metres, 1 left valve (WAM S34276); SW of Jurien 
Bay, 30°38'S, 114°47 , E, HMAS Diamantina Station 
DM1/70/108, 9 December 1970, 60 fathoms, 2 left 
valves and two right valves (WAM S34277); 40 km 
W of Jurien Bay, 30°15.9'S, 114°38.6 , E to 30°16.5'S, 
114°38.7'E, RV Sprightly Station 40M, S.M. Slack- 
Smith, 20 February 1978, 137.2 metres, 2 left valves 
and 3 right valves (WAM S34278); SW of Dongara, 
29°49' s, 112°24 , E, HMAS Diamantina Station 
DM6/63/214, 11 October 1963, 70-72 fathoms, 

2 fragmentary valves (part of S41332); WSW of 
Dongara, 29°29 , S, 114°12'E, HMAS Diamantina 
Station DM1/70/104, 8 December 1970, 60 fathoms, 
2 right valves (WAM S34281); About 77 km SW of 
Dongara, 29°21 , S, 114°07 , E to 29°21.5 , S, 114°07.5'E, 
RV Sprightly Station 20M, S.M. Slack-Smith, 18 
February 1976, 146 metres, 6 fragments (WAM 
S34280); W of Dongara, 29°15'S, 114°01'E, HMAS 
Diamantina Station DM1/72/055, B.R. Wilson, 20 
March 1972, 139-146 metres, 1 fragmentary left 


valve and 1 right valve (WAM S34282); About 92 
km W of Dongara, 29°07 , S, 113°57.4'E to 29°08'S, 
113°58E, RV Sprightly Station 30M, S.M. Slack-Smith, 
19 February 1976, 110 metres, 3 fragmentary valves 
(WAM S34279); Houtman Abrolhos Islands, E of 
Zeewyck Channel, 28°49 , S, 113°47 , E, May 1960, 
68-80 fathoms, 1 left valve (WAM S34283); SW of 
Bluff Point, 28°14 , S, 113°28'E, HMAS Diamantina 
Station DM1/64/040, 4 February 1964, 60 fathoms, 
1 right valve and 1 left valve (WAM S41329); SW 
of Bluff Point, 28°14 , S, 113°28'E, HMAS Diamantina 
Station DM1/64/040, 4 February 1964, 60 fathoms, 1 
left valve (WAM S41330); NW of Bluff Point, 27°40'S, 
113°03 , E, HMAS Diamantina Station DM6/63/131 
CSIRO Station 131, 21 August 1963, 70 fathoms, 1 
right valve and 2 fragmentary right valves (WAM 
S41331); off Kalbarri, 27.9351°S, 113.0810° to 27.9441°S, 
113.0880°E, S.M. Slack-Smith & M.P Salotti, Southern 
Surveyor Station SS 1005/098, 4 December 2005, 
417-428 metres, 2 left valves (WAM S31372); Great 
Australian Bight, 130-155 metres, 1 pair conjoined 
valves (NMV F162007). 

Description 

Shell equivalve, prominently equilateral, large 
for genus, up to 96 mm in length, very tumid, 
ovate, somewhat truncated posteriorly; umbones 
broad, very prosogyral, not projecting above 
dorsal outline, situated at anterior one third to 
one fourth; posteriodorsal margin gently declined 
posteriorly, abruptly truncated by straight dorsal 
margin; dorsal margin sloping anteriorly; ventral 
margin uniformly convex to area of escutcheon, 
anteriodorsal margin short and concave; lunule 
prominent, sunken and bounded by incised line, 
sculptured with fine commarginal lamellae; 
escutcheon broad in left valve, well defined and 
relatively smooth; right valve escutcheon relatively 
narrow, more poorly defined and sculptured with 
prominent commarginal lamellae; radial sculpture 
of very fine ribs about as wide as interspaces, 
24-38 ribs per 2 cm measured at about 5 cm from 
umbo; commarginal sculpture of dorsally recurved 
lamellae, corrugated by radial ribs. 

Muscle scars subequal, anterior slightly smaller. 
D-shaped; posterior subrectangular. Pallial sinus 
broadly triangular. Row of prominent pallial 




Length 

Height 

Inflation 

WAM S34274 

Holotype 

82 

69 

27 

WAM S41325 

Paratype 


65 

26 

WAM S41328 

Paratype 

59 

50 

42 (conjoined valves) 

WAM S41326 

Paratype 

57.5 

49 

19 

WAM S41332 

Paratype 

80 

67 

27 
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Figure 4 A, Proxichione subtilicostata Darragh, 1965, PL3082 Clifton Bank, Muddy Creek, Victoria (NMV P23822), holo- 
type; B, D, Proxichione cognata (Pritchard, 1903), B, PL3167, 1.5 km N of Hampton Tower, Western Australia 
(NMV P315178); D, Grange Burn, Victoria (NMV P127613), holotype; C, E, Proxichione moondarae Darragh, 
1965, C, PL3111, Moondarra Farm, Mitchell River, Victoria (NMV P23082), holotype, E, PL1264 Lot 22, Lack- 
rana. Flinders Island, Tasmania (NMV P315180) (all x 1). 


muscle attachment pits parallel to and inside pallial 
line and extending from anterior muscle scar to 
pallial sinus. 

Left valve hinge with small pointed anterior 
lateral, narrow triangular anterior cardinal, broad 
triangular bifid central cardinal with deep, wide 
subcentral groove, posterior cardinal thin, elongate 
and subhorizontal. Right valve hinge with blade¬ 
like anterior cardinal, narrow median cardinal with 
shallow median groove, posterior cardinal narrow, 
elongate triangular with deep median groove. 
Internal margin of valves denticulate, denticulations 
finer and weaker on posterior margin. 

Remarks 

Proxichione elimatula has some resemblance to 


P. subtilicostata Darragh, 1965, Miocene, Victoria 
(Figure 4A) particularly in the fineness of the ribs, 
but the valves are generally very much larger 
and much more tumid and the posterior end is 
abruptly truncated rather than gently rounded 
as in P. subtilicostata. The right valve central 
cardinal tooth is relatively thinner and the left 
anterior lateral tooth is much more prominent 
that in P. subtilicostata. It has coarser ribbing than 
in P. dimorphophylla (Tate, 1885), Miocene, South 
Australia, is much larger, much more tumid and 
more angular in outline with a broader posterior 
end. The right valve central cardinal tooth is also 
much thinner than that of P. dimorphophylla. 

Specimens are about the same size as the type 
species of the genus, Proxichione materna Iredale, 
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1929, central New South Wales coast (Figures 2 G-I, 
K-L), but the sculpture is much finer (24-38 versus 
15-30 ribs per 2 cm), the posterior end is more 
abruptly truncated and the left central cardinal 
tooth is much wider and more deeply split with a 
very wide groove. 

Compared with P. chemnitzii (Hanley, 1845), from 
the western Indo-Pacific (Figures 2 D-F, J), the 
commarginal lamellae are recurved dorsally, the 
radial ribs are much finer and the outline less ovate 
than in P. chemnitzii. 

Proxichione moondarae Darragh, 1965 
Figures 4C, E 

Proxichione moondarae Darragh, 1965: 170, plate 23, 
figures 18-21. 

Remarks 

This species was originally recorded from 
three localities in the Middle Miocene Gellibrand 
Formation (PL3087, PL3093, PL3102), from the type 
locality in the Tambo River Formation (PL3111, Late 
Miocene), from the Black Rock Sandstone (PL3130, 
Late Miocene) and from one locality in the Jemmys 
Point Formation (PL3118, Late Miocene). Additional 
material has been collected in Victoria from the 
Jemmys Point Formation (PL3123, Late Miocene), in 
South Australia from the Bookpurnong Formation 
(PL3298, PL3613, PL6667, Late Miocene) and from 
the Cameron Inlet Formation, Flinders Island, 
Tasmania (PL1229, PL1230, PL1234, PL1237, PL1238, 
PL1248, PL1264, Late Pliocene). 

The Flinders Island specimens are slightly more 
tumid than are the topotypes and generally much 
larger in size and shell thickness. They are the 
largest Australian fossil venerids. 

Proxichione cognata (Prichard, 1903) 

Figures 4B, D 

Chione cognata Prichard, 1903: 101, plate 12, figure 5. 

Proxichione cognata (Pritchard): Darragh, 1965: 171, 
plate 22, figures 14-5; plate 24, figures 24-5. 

Proxichione sp. cf. P. cognata (Pritchard): Ludbrook, 
1978: 70, plate 8, figures 1,3, 5, 7. 

Remarks 

No specimens other than those figured by Darragh 
(1965) are known from the type locality at Forsyth's 
Bank, Grange Burn, Hamilton, despite much 
collecting, so it is not possible to obtain any idea of 
the variability in morphology of this taxon at the 
type locality. There are 12 well preserved specimens 
identified as this species from the Roe Calcarenite in 
Museum Victoria, which compare quite closely with 


the two topotypes in general shape and fineness 
of ribbing. The number of ribs is 21 to 24 per 2 cm 
compared with 24 for the two topotypes. There are 
some fragmentary specimens from the Dry Creek 
Sands, which compare reasonably well in shape, 
judging from the outlines of the younger portions 
of large fragmentary valves. These have from 23 
to 31 ribs per 2 cm, so perhaps have slightly finer 
ribbing when compared with the two topotypes and 
the specimens from the Roe Calcarenite. The age 
of the Dry Creek Sands is now believed to be late 
Middle Miocene and the age of the Roe Calcarenite 
Late Pliocene (Beu and Darragh 2001), which means 
that the stratigraphic range of Proxichione cognata is 
Middle Miocene to Late Pliocene, with the proviso 
that the record from the Dry Creek Sands is based on 
fragmentary specimens. 
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The European shore crab, Carcinus maenas 
(Linnaeus, 1758) is an invasive species that was 
originally distributed along the coast of North 
Africa and Europe. It has been widely introduced 
to the east and west coasts of North America, 
South America, Australia, Asia, and South Africa 
(Ahyong 2005; Klassen and Locke 2007). The crab 
is a voracious feeder that consumes a wide variety 
of organisms. It is destructive and is regarded 
as a danger to commercial fisheries for molluscs, 
crustaceans and scalefish (Klassen and Locke 2007). 
The ecology of Australian populations of C. maenas 
has been studied by Thresher et al. (2003) and Ross 
et al. (2004). Concerns over the potential adverse 
effects of C. maenas led to the first international 
workshop on the demography, impacts and 
management of introduced populations of the 
European crab (Thresher 1997). 

The first introduction of C. maenas in Australia 
has long been considered to have been to Victoria 
in 1900 (Fulton and Grant 1902) where the crab is 
thought to have arrived on the hull of a vessel or 
in discarded solid ballast. The species has been 
recorded from Gulf St Vincent and Coorong, South 
Australia, eastern Tasmania, and from Port Philip 
Bay, Victoria to Narooma in southern New South 
Wales. Ahyong (2005) recently extended the range 
along the NSW coast northwards as far as Sydney, 
based on specimens he collected and on personal 
observations. Specimens in the Macleay Museum 
had been collected from the Sydney area prior to 
1891 but had been disregarded (Stephenson and 
Campbell 1960), probably because the Sydney area 
was far outside the known northern limit of the 
species. Ahyong (2005) believes the locality for the 
Macleay Museum specimens is valid meaning C. 
maenas arrived in Sydney earlier than in Melbourne. 

The European shore crab is shown as a species of 
concern by the Western Australian Department of 


Fisheries (DOF 2000) and is one of the target species 
for introduced marine pest monitoring listed by the 
National Introduced Marine Pests Coordination 
Group (NIMPCG 2006). In Western Australia, 
C. maenas is known from a single mature male 
7.1 cm in carapace width collected by "Smith" at 
Blackwall Reach in the Swan River in 1965 (Zeidler 
1978) (WAM C14833; Figure 1). The record was 
subsequently cited by Furlani (1996), Hass and Jones 
(2000), Pollard and Hutchings (1990), and Ahyong 
(2005). However, in a marine pest survey report 
for the port of Albany, CRIMP (1997) reported 
the Swan River specimen, but stated that no 
populations appear to have been established. The 
subsequent survey of the Port of Fremantle (CRIMP 
2000) failed to find any specimens. However, the 
CRIMP survey was of the port area and included 
only the lower reaches of the Swan River. In their 
compilation of information on introduced marine 
species in WA, Huisman et al. (2008) listed C. maenas 
as not occurring in Western Australia. 

As C. maenas is considered to be a high-risk 
species (DOF 2000), it is important to know if it has 
in fact been established in the Fremantle marine 
area. In late September and early October 2007 a 
detailed search was undertaken of 43 sites to search 
for four introduced species. This included Carcinus 
maenas, the European fanworm, Sabella spallanzanii 
(Gmelin, 1791), recorded in Cockburn Sound and 
Fremantle by Clapin and Evans (1995); the Asian 
date mussel Musculista senhousia (Benson in Cantor, 
1842) recorded in the Swan River and at Fremantle 
by Slack-Smith and Brearley (1987); and the eastern 
Australian scallop Scaeochlamys lividus (Lamarck, 
1819) reported from Fremantle and Cockburn 
Sound by Morrison and Wells (2008). Results on M. 
senhousia are presented elsewhere (McDonald and 
Wells 2009), and a general survey report is available 
(McDonald and Wells 2008). 
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The search covered the full range of sites in the 
estuarine reaches of the Swan River, Fremantle 
inner harbour at the mouth of the Swan, Rouse 
Head, Owen Anchorage, and Cockburn Sound and 
also included a site in Warnbro Sound (Table 1, 
Figure 2). Subtidal visual searches were conducted 
by a team of two divers. Divers entered the water 
together and searched the shore or pilings as they 
descended to the seafloor where they would space 
themselves approximately 1-2 m apart, depending 
upon visibility, and available space. The divers then 
proceeded along the seafloor searching for all four 
species or any other species that could be mistaken 
for one of the target species. The search area thus 
included all available depths from the surface to the 
bottom. The region is microtidal, with a maximum 
tidal range over a year of about 1 m; the tidal 
variation on most days is about 0.3-0.4 m (Hodgkin 
and DiLollo 1958), so the study included the full 
tidal range. The search included Blackwall Reach, 
where the single known specimen of C. maenas 
was collected in Western Australia, and sites both 
further up and lower down on the Swan River. 



Figure 1 The European shore crab, Carcinus maenas 
from Blackwall Reach, Swan River, Western 
Australia (WAM C14833). Photo courtesy of 
Andrew Hosie. 


Table 1 Sites targeted in the 2007 survey of the Fremantle marine area for introduced species. CR, Canning River; CS, 
Cockburn Sound; FIH, Fremantle inner harbour; LSR, Lower Swan River; PW, Perth Water; USR, Upper Swan 
River; WS, Warnbro Sound. 


Site 

Number 

Area 

Location 

Site 

Number 

Area 

Location 

1 

WS 

Saxon Ranger wreck 

23 

CS 

Success channel marker B 

2 

CS 

Calista channel, port marker F 

24 

CS 

Success Channel marker F 

3 

CS 

Challenger Passage lead marker 2 

25 

CS 

Wreck of the D9 

4 

CS 

Garden Island Armaments Jetty 

26 

FIH 

Fremantle Berth 2 

5 

CS 

Garden Island, Navy Boats Harbour 

27 

FIH 

Fremantle Berth 4 

6 

CS 

Kwinana Bulk Jetty front 

28 

FIH 

Fremantle Berth 5 

7 

CS 

Kwinana Bulk Jetty shallow part 

29 

FIH 

Fremantle Traffic Bridge (north side) 

8 

CS 

Kwinana Bulk Terminal 2 

30 

LSR 

Blackwall Reach 

9 

CS 

North Mole wreck 

31 

LSR 

Chidley Point 

10 

CS 

Northern Lead S & P channel 

32 

LSR 

Keanes Jetty 

11 

CS 

Old submarine netting 

33 

LSR 

Matilda Bay 

12 

CS 

Rockingham L jetty 

34 

LSR 

Rocky Bay Channel 

13 

CS 

Rockingham middle jetty 

35 

LSR 

Royal Freshwater Bay Yacht Club 

14 

CS 

Rockingham CS wreck front dive store 

36 

CR 

Canning Bridge (SW Side) 

15 

CS 

Rous Harbour barge 

37 

CR 

Deepwater Point 

16 

CS 

Southern flats 1 

38 

CR 

Shelley Bridge 

17 

CS 

Southern flats 2 

39 

PW 

Sir James Mitchell Park (South Perth) 

18 

CS 

Southern flats 3 

40 

USR 

Clarkson Reserve (Maylands) 

19 

CS 

Southern flats 4 

41 

USR 

Fish Market Reserve (Guildford) 

20 

CS 

Southern flats 5 

42 

USR 

Garrett Road Bridge (AP Hinds Reserve) 

21 

CS 

Stirling channel marker 1 

43 

USR 

Trinity College Foreshore 

22 

CS 

Success channel marker 2 
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Figure 2 Sites surveyed for the European shore crab, 
Carcinus mamas, in the Fremantle marine area 
in September and October 2007. 


No C. maenas were found in the present survey, 
which supports the findings in the CRIMP (2000) 
survey of a more restricted area. As surveys of this 
study cover a relatively large spatial and temporal 
sphere it is concluded that the species has not 
become established in the Fremantle marine area. 
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Abstract - This paper describes the fifth species of lacebug (Tingidae) in 
the genus Carldrakeana, and the first to be recorded from Western Australia, 
Carldrakeana karli sp. nov. It is restricted to the southwest of Western Australia. 
In addition, a key to all species of the genus is provided. 


INTRODUCTION 

Carldrakeana was described by Froeschner (1968) 
to separate species of the genus Gonycentrum 
Bergroth, 1898 from those of the Australian region. 
Carldrakeana differs from Gonycentrum in lacking 
cephalic spines between the eyes. However, 
Carldrakeana has been assigned by Froeschner 
(1996) to Cantacaderini, while Gonycentrum belongs 
to Phatnomatini. Carldrakeana was considered 
of interest by Froeschner (1968, 1996) as the 
link between the two tribes Cantacaderini and 
Phatnomatini, forming the Cantacaderinae, one of 
the three subfamilies included in the Tingidae. The 
character linking these tribes was the presence of a 
stenocostal area, characteristic of the Cantacaderini, 
which is partially absent in Carldrakeana. 

The relationships between these two tribes has 
been recently discussed (Lis 1999; Schuh et al. 2006), 
with the result of Phatnomatini being removed 
from Cantacaderinae. However, the position of 
Phatnomatini remains unclear. Carldrakeana is 
currently assigned in Cantacaderinae as basal, 
and a sister group of Cyperobia Bergroth, 1926 and 
Stenocader Drake and Hambleton, 1944, on the basis 
of a stenocostal area developed only ventrally (see 
Lis 1999; Schuh et al. 2006). 

Carldrakeana is endemic to Australia and New 
Zealand, and currently consists of four species: C. 
engista (Drake and Ruhoff, 1961) from Queensland; 
C. pallida Lis from New South Wales; C. tindalei 
(Hacker) from South Australia and Victoria; and C. 
socia (Drake and Ruhoff, 1961) found in Tasmania, 
South Australia and New Zealand. Here, we 
describe a new species of Carldrakeana, the first 
to be recorded from Western Australia, and thus. 


the most western locality recorded to date for this 
genus. 

MATERIALS AND METHODS 

The specimens examined here were collected by 
beating or vacuuming (as described in Moir et al. 
2005a), subsequently removed from any solutions 
and pinned. Specimens were examined under Leitz 
TS microscope and Leica MZ16 stereoscope, and 
images were photographed using the Auto-montage 
Pro version 5.02(p) (Syncroscopy, Cambridge, UK) 
at the Western Australian Museum. Illustrations 
were prepared using Photoshop(R) from penciled 
originals. 

The following abbreviations have been 
used in this paper: AgWA, Department of 
Agriculture, Perth, Western Australia; WAM, 
Western Australian Museum, Perth, Western 
Australia; MNHN, Museum National d'Histoire 
Naturelle, Paris, France. The list of abbreviations 
given after the site number of collection localities 
provides information on collection details. At 
Boddington the site code "SSB02" indicates 
a forest control site and "WP90" a mine pit 
rehabilitated in 1990 (G. Oraby, pers. comm. 2006). 
Jarrahdale (32°16'S, 116 o 04'E) and Boddington 
(32°38'S, 116°25 , E) are dominated by Jarrah/Marri 
forest ( Eucalyptus marginata Sm. and Corymbia 
calophylla (Lindl.)). The site in the Ravensthorpe 
Ranges (Gully WAM35: 33°30'17'S 120°02 , 01 , E) was 
dominated by a mallee Eucalyptus species (Harvey 
and Leng 2008). Specimens from Jarrahdale and 
Boddington have been donated from the private 
collection of the second author. 
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SYSTEMATICS 

Family Tingidae Laporte, 1832 
Subfamily Cantacaderinae Stal, 1873 
Tribe Cantacaderini Stal, 1873 
Genus Carldrakeana Froeschner, 1968 

Carldrakeana Froeschner, 1968: 250. 

Type species 

Phatnoma tindalei Hacker, 1928, by original 
designation. 

Carldrakeana karli sp. nov. 

(Figures 1-2) 

Material examined 

Holotype 

Australia: Western Australia: 1 S, site SSB02 
(vacuum), WP90 (vacuum), Boddington, July 2003, 
G. Oraby (WAM Entomology No. 71382). 

Allotype 

Australia: Western Australia: 1 site 
WP90, Boddington, July 2003, G. Oraby (WAM 
Entomology No. 71383). 

Paratypes 

Australia: Western Australia: 1 S, site M04J, 
Boddington, April 2004, G. Oraby (MLM 00199); 1 
m same as Holotype (MLM 00198); 3 $, on Mirbelia 
dilatata (vacuum), Jarrahdale, August 2001, M. Moir 
(WAM Entomology No. 33045, Entomology No. 
33046, Entomology No. 71384); 1 $, site B88R3a 
(vacuum), Jarrahdale, August 2001, M. Moir (MLM 
00195); 3 S, 1 Ravensthorpe Range, Site Gully 
WAM35, 33°30T7"S 120°02 , 01"E, 23 May 2007, M.L. 
Moir & M.C. Leng, ex. Rhadiothamus rudis (beat) (2 
& MNHN; 1 S, 1 ?, MLM 00692, 00693). 

Diagnosis 

Carldrakeana karli differs from all other previously 
named species within the genus by the paranota, 
which is reduced to three or four cells opposite the 
calli, and by the presence of a pseudo-protuberance 
at the anterior end of the lateral carinae, just behind 
the calli. 

Description 

Body coleopteroid, small, dark brown, shiny, 
glabrous; frontal spines, front of bucculae, posterior 
margin of pronotum, anterior apex of median 
carinae, spots on hemelytra on costal and subcostal 
areas and veins on discoidal area whitish. Male 
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body length, 2.26-2.50 mm; width, 1.03-1.20 mm. 
Female body length, 2.73-2.83 mm; width, 1.40-1.53 
mm. 

Head small, short, abruptly shortened in front, 
glabrous, punctate, armed with two pairs of spines, 
a jugal pair of very short spines, a pair of short 
frontal spines directed downwards; bucculae 
long, extending in front of clypeus, joined in 
front, widening posteriorly, with two rows of 
areolae; rostrum very long, extending beyond 
metasternum; antennae very slender, antennal 
segment measurements, I, 0.08 mm; II, 0.07 mm; III, 
0.90 mm; IV, 0.18 mm. 

Pronotum short, convex, truncate posteriorly, 
tricarinate; median carina slightly raised, 
irregularly uniseriate, areolae small; lateral carinae 
short, extending on to calli but not to collar, less 
elevated than median carina except anterior apex 
which is raised to form a small protuberance; calli 
slightly raised anteriorly but not forming a hood, 
three areolae wide; paranota reduced to a row of 
three to four small, round areolae opposite calli; 
sternal laminae straight and narrow, uniseriate. 
Visible part of scutellum reduced to an erect 
protuberance. 

Hemelytra oval, strongly swollen; clavus fused 
with the rest of the wing; hindwings absent; 
stenocostal and costal areas sharply raised, almost 
vertical, stenocostal vein thickened ventrally but 
indistinct dorsally, uniseriate; costal area regularly 
uniseriate, areolae slightly smaller than stenocostal 
area; subcostal area sharply raised and almost 
vertical, much wider than costal area, five to six 
areolae wide at widest part, areolae wider than 
on costal and stenocostal areas, divided by three 
prominent cross veins; RM vein sharply raised; 
discoidal area divided by cross veins in three 
subareas, four to five areolae deep; sutural area 
narrow, two areolae wide at widest part; hypocostal 
area uniseriate, reaching apex of hemelytra, 
posteriorly interrupted on distal two thirds, areolae 
as small as stenocostal area. 

Etymology 

This species is named in honour of Dr Karl 
Brennan, who has worked on invertebrates across 
Australia for many years, but in particular, at 
Jarrahdale, where the first specimens of this species 
were discovered. 

Common name 

Karl's lacebug. 

Remarks 

This species clearly belongs to the genus 
Carldrakeana as distinguished by the straight 
posterior margin of the pronotum (not angularly 
concave as for Cyperobia Bergroth, 1927), the absence 
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Figures 1-2 Carldrakeana karli sp. nov.: 1. habitus (Paratype WAM T71384), 2. lateral view (Holotype WAM T 71382). 
Scale bar = 1 mm. 


of fine, black, oblique sutures on the interocular 
area of the head (which separate Carldrakeana 
from Cyperobia), the pronotum tricarinate (while 
pentacarinate in Cyperobia and Stenocader), and 
the Cu vein almost indistinct and not fused with 
R+M (while fused in Cyperobia and not fused but 
distinct in Stenocader). However, it has a narrow 
paranota similar to that of Cyperobia carectorum 
Bergroth, 1927. This species also shares the lack of 
any tubercles on the first visible abdominal sternite 
with Cyperobia , while other species of Carldrakeana 
have these tubercles. Here, the development of 
the stenocostal area is quite complete but visible 
only from the ventral view, not the dorsal view; a 
character that justifies the inclusion of the genus 
in Cantacaderini, according to Froeschner (1968, 
1996). In C. karli , the vein between the two rows of 
areolae is not thickened dorsally but is ventrally, 
a character shared with Stenocader and Cyperobia 
(Lis 1999). Also, as stated by Froeschner (1996), the 
costal area of species with a single row of cells 
does not show differentiation between an outer 


and inner part. It is thus difficult to state if the row 
belongs to the costal or the stenocostal area. There 
is also a degree of sexual dimorphism; females are 
larger than the males and they have a continuous 
hypocostal area, whereas it is interrupted in males. 

Carldrakeana karli differs from the other known 
species of the genus by the swollen pronotum 
and the narrower paranota that are reduced to 
a few areolae opposite the calli. Other species 
of Carldrakeana have paranota that are at least 
uniseriate. Also, it differs by the pseudo¬ 
protuberance at the anterior end of the lateral 
carinae, just behind the calli. 

The other species of the genus can be separated 
as follows: 

Carldrakeana engista has a uniseriate costal 
area; flat, narrow and uniseriate paranota, and 
unicarinate pronotum. 

Carldrakeana socia has a second row of areolae on 
the apical third of the costal area. The paranota are 
similar to that of C. engista and are slightly raised. 
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■ Kilometers 


Figure 3 Map of southwestern Western Australia with collection localities of Carldrakeana karli sp. nov. 


The pronotum is tricarinate. The cephalic spines 
are short but longer than the ones on C. karli. The 
hypocostal area is truncated posteriorly on the 
holotype. 

Carldrakeana tindalei (Hacker, 1928) has an 
irregularly biseriate costal area. The paranota are 
flat (not raised or reflexed), wider than that of C. 
engista and C. soda , and partly biseriate. It has short 
cephalic spines. 

Carldrakeana pallida Lis, 2000 has a uniseriate 
costal area partly absent on basal two thirds, a 
tricarinate pronotum, and longer cephalic spines 
than the other species. 

IDENTIFICATION KEY TO SPECIES 

Here, we present a modified version of the key 
to Carldrakeana species as proposed by Froeschner 
(1996) to include C. pallida and C. karli: 

1. Pronotum unicarinate.C. engista 

Pronotum tricarinate. 2 

2. Paranota reduced to three or four cells opposite 

to calli.C. karli 

Paranota developed all along the pronotum and 
mainly uniseriate. 3 

3. Costal area irregularly biseriate at base*. 


.C. tindalei 

Costal area biseriate only on apical third or less. 

.4 

4. Cephalic spines long, surpassing 1 st antennal 
segment.C. pallida 

Cephalic spines short, not surpassing 1 st 
antennal segment.C. socia 

* Costal and stenocostal areas are considered 
together, following Froeschner (1996). 

DISCUSSION 

Carldrakeana is thought to be an older 
Cantacaderinae genus because of its occurrence 
in both Australia and New Zealand, the latter 
being the first landmass to break away from 
Gondwana about 125 MYBP (see Lis 1999; Wappler 
2006). The genus includes species that have been 
recorded feeding on moss and/or lichens (Hacker 
1928; Lis 2000). Most species appear to prefer 
wet, predominantly southern habitats where 
moss and lichens are readily available. However, 
C. karli differs considerably from other species 
in the genus, clearly preferring the host plants 
Mirbelia dilatata (Papilionaceae) in the Jarrah 
forest and Rhadinothamnus rudis (Rutaceae) in 
the Ravensthorpe Ranges. Despite 18 months of 
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sampling at Jarrahdale (> 50 plant species sampled 
including various Papilionaceae species - see Moir 
et al. 2005b, Moir 2006), and a month sampling in 
the Ravensthorpe Ranges by two people, no other 
host was recorded. Furthermore, other methods 
used during the Boddington study (pitfall traps 
and Tullgren funnels) failed to yield additional 
specimens. 

It is interesting that males appear to be found 
only during winter (late May-July), but are absent 
in spring. Females have been found from late May 
through to November, but are most abundant in 
August (at Jarrahdale). No specimens were found 
during summer or autumn (December-April) and 
no nymphs have been discovered to date. This 
suggests that C. karli has only one generation per 
year, with mating occurring in winter. 

All species are known only from coleopteroid 
forms, and C. engistum and C. soda are recorded as 
brachypterous (Drake and Ruhoff 1961). For C. karli 
the lack of hindwings indicates an inability to fly, 
which likely inhibits dispersal. At Jarrahdale and 
Boddington, specimens were discovered as part of 
projects to determine if the native insect fauna were 
returning to restored mine pits. Carldrakeana karli , 
however, did not appear to be dispersal limited, 
with individuals discovered in relatively young 
restored mine pits (4-6 years old) at Jarrahdale 
(Moir 2006). 
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The identity of Haliplus (Coleoptera: Haliplidae) from the Pilbara region of 
Australia, including the description of four new species 
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Abstract - The subtropical, semi-arid Pilbara region of Western Australia was 
recently subject to an extensive survey of its invertebrate fauna including 
aquatic habitats. Among the aquatic beetles collected were numerous 
specimens of the genus Haliplus, none of which could be confidently 
identified. We report on our study of this material and provide descriptions, 
including detailed illustrations of four new species; H. halsei sp. nov., H. 
fortescueensis sp. nov., H. pinderi sp. nov. and H. pilbaraensis sp. nov. A key to 
the species of Haliplus now known for the Pilbara is given. 

Key words: Coleoptera, Haliplidae, Haliplus, taxonomy. Western Australia, 
Pilbara. 


INTRODUCTION 

The taxonomy of the haliplids of Australia is now 
well known due to the work of Watts (1988) and 
particularly Van Vondel (1995) who described and 
comprehensively illustrated all the known species 
and provided a key to the species. No specimens 
from the Pilbara region in Western Australia 
were available to him. Since that time collections 
by Lars Hendrich (Berlin), the senior author and, 
particularly, the biological surveys conducted by 
the Western Australian Government's Department 
of Environment and Conservation, have resulted 
in the collection of relatively large numbers of 
Haliplids from the region. These clearly belong 
to the genus Haliplus Latreille but have proved 
to be difficult to specifically identify using the 
descriptions and keys in Van Vondal (1995). 

Based on this new material lodged in the Western 
Australian and South Australian Museums and 
the collection of the wildlife research section of the 
Western Australian Department of Environment 
and Conservation - we consider that four species 
of Haliplus occur in the Pilbara, all of which are 
undescribed. In this paper we describe these new 
species. 

METHODS 

Specimens were collected using standard dip 
nets. Two invertebrate samples were collected 
per site, one benthic sample using a 250 pm net 
and a plankton sample using a 50 pm net. The 
benthic sample was preserved in 75% ethanol 
and the plankton sample in buffered formalin. 


Samples were then sieved and specimens removed, 
these were then transferred to 100% ethanol. 
Most specimens were then card mounted. Many 
male specimens were dissected and the genitalia 
mounted on a card with the rest of the specimen. 
The male genitalia of a few specimens of each 
species were dissected and mounted in polyvinyl 
lactophenol on microscope slides. These were then 
illustrated using a Zeiss Axioscop microscope 
with differential contrast (Nomarksi) and camera 
lucida. Illustrations were made from dried alcohol 
specimens using a camera lucida attached to a 
Leica MZ16 binocular microscope. The descriptions 
follow the style used by Van Vondel (1995). 

Abbreviations 

CALM, Western Australian Department of 
Conservation and Land Management, Perth, 
Australia (now the Department of Environment 
and Conservation); CLH, Collection of L. Hendrich, 
Berlin, Germany, property of the Naturhistorisches 
Museum Wien, Vienna, Austria; SAMA, South 
Australian Museum, Adelaide, Australia; UWA, 
University of Western Australia, Perth, Australia; 
WAM, Western Australian Museum, Perth, 
Australia. 

BIOLOGY 

Haliplids in Northern Australia are found most 
abundantly during and at the end of the wetter 
summer season in still, shallow, thickly vegetated 
areas at the edges of creeks/rivers. In many 
cases these are temporary and dry out in the dry 
winter period. They also occur occasionally in low 
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numbers in small permanent or semi-permanent 
rock pools and pools in creeks. In northern and 
north-eastern Australia the species are virtually 
absent during the dry winter period but relatively 
abundant in still water during the 'wet'. All 
northern Haliplids show a similar pattern and the 
same is true for the Pilbara. Larvae were collected 
in association with all four species described here. 
These will be described in a separate publication. 

SYSTEMATICS 

Family Haliplidae Aube, 1836 
Genus Haliplus Latreille, 1802 

Haliplus Latreille, 1802: 77. 

Type species 

Dytiscus impressus Fabricius, 1787, by subsequent 
designation of Latreille (1810). 

Subgenus Haliplus (Neohaliplus ) Netolitzky, 1911 

Haliplus (Neohaliplus) Netolitzky, 1911: 271. 

Type species 

Dytiscus lineatocollis Marsham, 1802, by monotypy. 

Diagnosis (Australian species) 

Small deep bodied, with pronotal plicae, with a 
small visible first ventrite, apical ventrite without 
medial ridge, right paramere without apical digitus 
(Van Vondel 1995). 

Haliplus (Neohaliplus) pinderi sp. nov. 
Figures la-e 

Material examined 

Holotype 

Australia: Western Australia: S, 'WA Kalgan 
Pool on Kalgan Creek, PSW066, 23°11'17"S, 
119°41 , 57"E, 24 April 2005, CALM' (WAM 
Entomology No. 72040). 

Paratypes 

Australia: Western Australia: 2 adults, collected 
with holotype (SAMA); 3 adults, 'WA House Pool 
on Cane River PSW047, 22°05 , 44"S, 115°37 , 15 /, E, 
16/5/05 CALM' (SAMA); 1 adult, 'WA Murchison 
River 24k N Binnu, 18/5/2001. CHS Watts' (SAMA); 
4 adults, 'WA Homestead Creek nr Newman, UWA 
1/4/2003' (SAMA); 2 adults, 'WA Pelican Pool 
PSW021 21 19 55S 120 22 26E 2/9/03 CALM' (1 in 
WAM Entomology No. 72041; 1 in SAMA (male 
genitalia on separate slide). 


Other material (not paratypes) 

Australia: Western Australia: Bobswim Pool 
(23°03'27"S, 118°05'29"E), 19 May 2005, Pinder 
and McRae; Gorge Junction Pool (24°05'00"E 
118°03'17"E), 9 September 2005, Pinder and McRae; 
Innawally Pool (23°21'49"S, 120°11'29"E), 24 April 
2006, Pinder and McRae; Kalgan Pool on Kalgan 
Creek (23°11'17"S, 119°41'57"E), 24 April 2005; 
Nyeetbury Spring (21°51'29"S, 116°30'57"E, 29 
August 2003, Pinder and McRae; House Pool 
on Cane River (22°05'44"S, 115°37T5"E), 16 May 
2005, Pinder and McRae; Bonnie Pool (21°58'41"S, 
119°59'27"E), 22 September 2004, Pinder and McRae 
(all in CALM). 

Description 

Adults 

Length 2.6-2.9 mm. Deep bodied, oval, 
subparallel in middle, pronotal/elytra junction 
indented, widest in middle. 

Head. Relatively small, elongate. Light testaceous; 
antenna and palpi yellow. Punctures moderate, 
scattered. Distance between eyes about 1.6 x dorsal 
width of eye. 

Pronotum. Light testaceous. Depressed at base 
between long, inwardly curved well-marked plicae, 
positioned relatively close to sides opposite elytral 
stria 6, depressed slightly on inside (Figure la). 
Lateral borders finely margined; posterior corners 
slightly rounded. Almost completely covered 
by large punctures becoming stronger towards 
posterior corners, smaller towards anterior, much 
weaker in basal depression. 

Elytra. Light testaceous with basal, central and 
subapical bands of black markings on the primary 
puncture rows, adjacent lines often confluent 
forming large black maculae; sutural region 
narrowly black. Primary punctures dense, small 
in stria 1, increasing in size considerably to stria 5, 
about 38 punctures in stria 1; basal 8-10 punctures 
of stria 5 obliterated by longitudinal impression 
(elytral plica), somewhat longer than pronotal 
plicae, basal punctures of stria 4 also sometimes 
confluent forming groove; striae 7 and 8 reaching 
base; secondary punctures along suture very small, 
in single row, hard to trace in some specimens; 
other intervals virtually impunctate. Completely 
margined, margin in middle invisible from above, 
tips slightly flared. 

Ventral surface. Light testaceous, darker on 
prosternal and metasternal processes; legs light 
testaceous, darker towards bases. Elytral epipleura 
reaching to hind edge of ventrite 2 (sternite 5); 
five visible ventrites, ventrite 1 reduced to small 
triangular sclerite, strong dense puncture-row on 
narrowed posterior portion, 2 puncture rows in 
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Figure 1 Haliplus pinderi sp. nov. a, habitus; b, prosternal and metasternal processes; c, right paramere; d, left param- 
ere; e, lateral view of penis. 


389 




















390 


C.H.S. Watts and J. McRae 



Figure 2 Haliplus fortescueensis sp. nov. a, habitus; b, prosternal and metasternal processes; c, right paramere; d, left 
paramere; e, lateral view penis. 
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anterior portion, punctures in inner row largest. 
Prosternum with 3-8 weak to moderate sized 
punctures, proepisternum impunctate. Prosternal 
process nearly parallel-sided; in middle strongly 
depressed in posterior 2/3, anterior edge strongly 
margined, lateral ridges with groove formed by 
row of coarse punctures; anterior portion densely 
and coarsely punctured; posterior depression 
impunctate (Figure lb). Metasternal process 
diverging posteriorly, anteriorly depressed in 
middle, weakly punctured in middle, without hairs, 
laterally with row of large confluent punctures 
forming groove (Figure lb). Metacoxal lobes 
reaching nearly to edge of ventrite 2, weakly and 
sparsely punctured near suture, strongly punctured 
laterally. Ventrites 2-4 each with irregular row 
of punctures posteriorly. Apex of last ventrite 
moderately punctured. Metatibia without setiferous 
striole on dorsal face, longer tibial spur 1.1 x as long 
as first tarsal segment. 

Male. Pro and mesotarsomers 1-3 more robust, 
tarsomere 1 more dilated ventrally. Tarsomeres 1 + 
2 with sucker hairs on ventral side. Outer protarsal 
claw bit stronger than inner. Penis and parameres 
as in Figures lc, d and e. 

Biology 

The Binnu specimen was collected from a small, 
Chara- choked, shallow (< 1 m) billabong with a 
base of sand and rock. The type specimens were 
collected from Kalgan Pool on Kalgan Creek which 
is a deep clear (Turbidity 0.4-0.9, TDS 1 g/L, Colour 
2.5-9 TCU at time of sampling), freshwater pool 
up to about 4m depth at the base of a cliff, with 
dense patches of Chara and Nijas. Sediments coarse, 
dominated by pebble, cobble, boulder and gravel. 

Distribution 

Haliplus pinderi was collected across the southern 
and eastern Pilbara (Figure 5). 

Remarks 

Haliplus pinderi is a very distinctive species 
both in colour and morphology and is unlikely 
to be confused with any other Australian species. 
Apart from the colour pattern (Figure la) the most 
striking characters are the long, widely spaced 
pronotal plicae (Figure la) and the strongly rugose 
prosternal process (Figure lb). 

Etymology 

This species is named for Adrian Pinder from 
the Department of Environment and Conservation 
Western Australian, Wanneroo, who collected the 
type specimen. 

Haliplus (Neohaliplus) fortescueensis sp. nov. 

Figures 2a-e 


Material examined 

Holotype 

Australia: Western Australia: 'WA Fortescue 
Marsh West PSW003(B) 22°19 , 0"S 119°8 , 58"E 
29°4'06" CALM' (WAM Entomology No. 72042). 

Paratypes 

Australia: Western Australia: 6 adults, collected 
with holotype (4 in SAMA, 2 in WAM Entomology 
No. 72043-72044); 4 adults, 'Coondiner Pool PSW001 
22°43'26"S 119°39 , 23 ,, E 15/8/03 CALM' (1 in WAM 
Entomology No. 72045,3 in SAMA); 1 adult, 'Gnalka 
Gnoona claypan PSW 004 26°9T4"S 118°28 , 29"E 
24/5/04 CALM' (SAMA). 

Other material (not paratypes) 

Australia: Western Australia: Cooliarin Pool 
(20°30'20"S, 118°37 , 20"E), 20 April 2006. Pinder 
and McRae; Fortescue Marsh West (Moojari Well) 
(22°19 , 00"S, 119°08'58"E, 29 April 2006, Pinder 
and McRae; Gregory Gorge Pool (21°32'59"S, 
116°58T5 ,, E), 25 August 2003, Pinder and McRae; 
Jacksons Bore Claypan (22°05'05"S, 120 o 14'01"E), 27 
August 2005, Pinder and McRae (all in CALM). 

Description 

Adults 

Length 2.4-2.9 mm. Body somewhat spindle- 
shaped, subparallel in middle, widest at shoulders. 

Head. Relatively small, elongate. Light testaceous; 
antenna and palpi yellow. Punctures moderate, 
scattered. Distance between eyes about 1.6 x dorsal 
width of eye. 

Pronotum. Light testaceous. Plicae well marked, 
slightly curved, reaching about 1/3 way across 
pronotum, starting opposite elytral stria 5, 
depressed at base between plicae (Figure 2a). 
Lateral borders finely margined; posterior corners 
slightly rounded. Almost completely covered by 
large punctures becoming smaller towards anterior, 
virtually impunctate between plicae except for 
posterior margin. 

Elytra. Light testaceous, punctures black except 
towards sides and apex. Primary punctures 
moderately strong, about a puncture width apart, 
about 28 punctures in stria 1; between 3 and 9 basal 
punctures of stria 5 obliterated by longitudinal 
impression (elytral plica) (Figure 2a); striae 7 
and 8 not reaching base; secondary punctures 
along suture extremely small, in single row; 
other intervals virtually impunctate. Completely 
margined, margin in middle invisible from above, 
smooth; small but distinct spine close to apex. 

Ventral surface. Light testaceous, bases of legs 
and areas of prosternal and metasternal processes 
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darker. Elytral epipleura reaching to hind edge 
of ventrite 2 (sternite 5), single row of 4-6 large 
punctures on wider anterior portion, narrow 
posterior portion impunctate. Prosternum and 
proepisternum virtually impunctate. Sides of 
prosternal process weakly sinuate, anterior 
and posterior ends of similar width, strongly 
depressed in middle in posterior 2/3, anterior 
edge strongly margined, lateral ridges with 
one or two grooves formed by row(s) of coarse 
punctures, anterior portion sparsely punctured; 
posterior depression impunctate (Figure 2b). 
Metasternal process a little broader than prosternal 
process, sides almost straight, depressed in 
middle particularly anteriorly, weakly punctured 
in middle, without hairs, laterally with row of 
moderate sized confluent punctures (Figure 2b). 
Metacoxal lobes reaching middle of ventrite 2, 
weakly and sparsely punctured near suture, 
strongly punctured laterally. Five visible ventrites, 
ventrite 1 reduced to small triangular sclerite, 
ventrites 2-4 each with irregular row of small 
punctures posteriorly. Apex of last ventrite 
moderately punctured. Protibia with 10-13 strong 
comb-like setae on outside, those in basal % as wide 
as adjacent tibia; metatibia without setiferous striole 
on dorsal face, longer tibial spur about 0.8 x as long 
as first tarsal segment. 

Male 

Pro and mesotarsomers 1-3 more robust, 
tarsomere 1 more dilated ventrally. Tarsomeres 1 
and 2 with a few sucker hairs on ventral side. Outer 
protarsal claw much longer and thicker than inner. 
Aedeagus and parameres as in Figures 2 c, d and e. 

Variation 

The small series from Coondiner Pool are overall 
almost black but otherwise conform to this species. 
This dark appearance may be due to the method of 
preservation. 

Distribution 

Haliplus fortescueensis seems mainly restricted 
to the Fortescue Marsh region in the north of the 
Pilbara (Figure 5) although it was also collected 
once in a claypan near Port Hedland. 

Etymology 

This species is named after the Fortescue Marsh 
where the species appears to be most abundant. 

Biology 

Fortescue Marsh is a very large salt marsh at 
the terminus of the upper portion of the Fortescue 
River. Fresh when first filled, it becomes more 
saline as it dries. 


Remarks 

A uniformly pale testaceous species with a 
superficial resemblance to pale coloured examples 
of H. fuscatus Clark or H. gibbus Clark the former 
of which occurs just south of the Pilbara region. It 
is separated from these, and most other Australian 
Haliplids with pronotal plicae, by the strongly 
uneven male proclaws, the small but distinct spine 
on the tip of the elytron, the peculiarly strong 
comb-like spines on the outside of the protibia in 
both sexes, much stronger elytral plicae in most 
and strong ridges on the sides of the metasternal 
process. From H. gibbus it also differs in the longer 
and thinner aedeagus. For difference from H. 
pinderi see under that species. Three of the four 
specimens from Coondiner Pool are very dark but 
do not seem to differ in any other way. 

Subgenus Haliplus (Liaphlus) Guignot, 1928 

Haliplus (Liaphlus) Guignot, 1928: 138. 

Type species 

Dytiscus fulvus Fabricus, 1801, by subsequent 
designation of Guignot (1930). 

Diagnosis (Australian species) 

Pronotum without basal plicae, lacking small 
triangular first ventrite i.e. only four ventrites, right 
paramere with apical digitus (Van Vondel 1995). 

Haliplus (Liaphlus) halsei sp. nov. 

Figures 3a-e 

Material examined 

Holotype 

Australia: Western Australia: 'WA Gnalka 

Gnoona claypan PSW 004 24°09 , 14"S, 118°28 , 29"E), 
24 May 2004, CAFM' (WAM Entomology No. 
72046). 

Paratypes 

Australia: Western Australia: 1 adult, 
collected with holotype (SAMA); 11 adults, 
'Koondepindawarrina Pool PSW 005, 22°07 , 06" S 
118° 23 , 47"E 24/5/2004 CAFM' (4 in SAMA; 7 in 
WAM Entomology No. 72047-72053. 

Other material (not paratypes) 

Australia: Western Australia: House Pool on 
Cane River (22°05 , 44"S, 115°37 , 15"E), 16 May 2005, 
Pinder and McRae; Myanore Creek Pool (21°26'30"S, 
115°5T46 ,, E), 13 May 2006, Pinder and McRae; Glen 
Ross Creek (24°10 , 44"S, 118° 1'48"E), 9 September 
2005, Pinder and McRae; Kumina Creek (21°5T45"S, 
116°54 , 32 ,, E), 15 September 2005, Pinder and McRae; 
Coondiner Pool (22°43'26"S, 119 0 39'23"E), 15 August 
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Figure 3 Haliplus halsei sp. nov. a, habitus; b, prosternal and metasternal processes; c, right paramere; d, left paramere; 
e, lateral view of penis. 
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Figure 4 Haliplus pilbaraensis sp. nov. a, habitus; b, prosternal and metasternal processes; c, right paramere; d, left para- 
mere; e, lateral view of penis. 
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2003, Pinder and McRae; Fortescue Marsh West 
(Moojari Well) (22°19 , 00 ,, S, 119°08 , 58"E) / 29 April 
2006, Pinder and McRae; Chalyarn Pool (21°45'12"S, 
116 o 02T7"E), 28 August 2003, Pinder and McRae; 
Moreton Pool (22°40 , 35 /, S, 115°42 , 58"E), 28 August 

2004, Pinder and McRae; Creek Pool nr Mt Amy 
Well (22°11'41"S, 115°57'18"E), 25 August 2004, 
Pinder and McRae; Paradise Pool (20°22'35"S, 
119°25 , 21"E), 14 May 2004, Pinder and Barron; 
Munreemya Billabong (20°40'11"S, 120°13 , 32 ,, E), 
19 September 2004, Pinder and McRae; Wackilina 
Creek Pool (22°22'58"S, 117°36 , 48"E), 9 September 
2004 Pinder and McRae; West Peawah Creek Pool 
(20°45 , 50"S, 118°00 , 47"E), 20 May 2006, Pinder 
and McRae; Harding River Pool (21°20'17"S, 
117°04 , 10 ,, E), 16 May 2006, Pinder and McRae; 
Un-named Creek in Millstream National Park 
(21°34'49"S, 117°06 , 13 ,, E), 2 February 2005, Pinder 
and McRae (all in CALM). 

Description 

Adults 

Length 3.5-4.1 mm. Body broad, somewhat 
spindle-shaped, broadest at shoulders, subparallel 
in middle. 

Head. Relatively small, elongate. Light testaceous; 
antenna and palpi yellow. Punctures small on 
disc, larger towards posterior, scattered. Distance 
between eyes about 1.8 x dorsal width of eye. 
Antennal segments 6-9 somewhat broader than 
others. 

Pronotum. Light testaceous. Without plicae. 
Lateral borders finely margined; posterior corners 
slightly rounded. Unevenly punctured, disc 
sparsely punctate, a few much larger punctures 
towards posterior angles. 

Elytra. Light testaceous, punctures black except at 
sides and apex. Primary punctures relatively small, 
becoming stronger until stria 5, 33-39 punctures in 
stria 1; basal 2-3 punctures of stria 5 stronger than 
others, often confluent but seldom obliterated, basal 
1-2 punctures in stria 4 also tend to be stronger 
than adjacent punctures in row (Figure 3a); striae 
7 and 8 reaching base; secondary punctures along 
suture small, in single row; interstriae 1, 2 and 4 
with rows of 11-15 small punctures. Completely 
margined, margin weakly serrated, apex rounded 
and slightly protuberant. 

Ventral surface. Testaceous, bases of legs and 
ridges on prosternal and metasternal processes 
darker. Elytral epipleura reaching to posterior edge 
of ventrite 1, two rows of large shallow punctures 
on wider anterior portion, narrow posterior 
portion virtually impunctate. Prosternum punctate, 
punctures relatively small, most about a puncture 
width apart; anterior of proepisternum with 
5-15 unevenly sized and distributed punctures. 
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some very small, largest same size as those on 
prosternum, few if any on posterior portion. 
Prosternal process robust, slightly constricted 
in middle, quite strongly punctate, punctures as 
on prosternum, stronger at sides, sides roundly 
ridged, anterior edge clearly margined (Figure 
3b). Metasternal process broader than apex of 
prosternal process; side strongly ridged, anterior 
portion bulbous, posterior portion narrowing quite 
rapidly; ridges diverging slightly towards rear, 
central portion quite deeply depressed inwards 
from sides (Figure 3b). Metacoxal lobes nearly 
reaching posterior edge of ventrite 1, weakly and 
sparsely punctured near suture, strongly but 
sparsely punctured laterally. Four visible ventrites, 
ventrites 2-3 each with irregular row of punctures 
across width. Apex of last ventrite (4) sparsely 
punctured, punctures a little larger than those on 
ventrite 3. Metatibia with longer tibial spur thin, 3/4 
as long as first tarsal segment. 

Male 

Basal three segments of pro and mesotarsi weakly 
expanded, each with a few sucker-hairs. Penis and 
parameres as in Figures 3c, d and e. 

Etymology 

The species is named for Dr Stuart Halse, 
formerly from the Department of Environment 
and Conservation Western Australian, Wanneroo, 
who arranged the aquatic component of the Pilbara 
Biological Survey in which the majority of the 
Haliplus specimens were collected. 

Biology 

The type specimens were collected from Gnalka 
Goona Pool which is a large fresh (0.12 g/L), turbid 
(340NTU), seasonal, open water claypan with sand 
and clay sediment. No macrophytes were present 
on the date collected, depth about 1 m. 

Distribution 

Haliplus halsei was collected widely across the 
Pilbara region (Figure 5). 

Remarks 

See under H. pilbaraensis. 

Haliplus (Liaphlus) pilbaraensis sp. nov. 
Figures 4a-e 

Material examined 

Holotype 

Australia: Western Australia: S, 'Kalgan Pool 
on Kalgan Creek PSW 066 23°11 , 17"S, 119°41 , 57"E, 
24/4/2005, CALM' (WAM Entomology No. 72054). 
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Paratypes 

Australia: Western Australia: 8 adults, collected 
with holotype (WAM Entomology No. 72055- 
72062); 1 adult, 'WA 22k NNW Eerala Stn 23/5/01 
C.H.S.Watts' (SAMA Database No. 25-003304); 4 
adults, 'WA 10k NW Eerala Stn 23/5/01 C.H.S.Watts' 
(SAMA Data base N025-003303); 2 adults, 'WA 
Gregory Gorge nr Millstream 24/5/01 C.H.S. Watts' 
(SAMA Data base No 25-003305); 2 adults, Tilbara 
Millstream Chichester NP Gregory Gorge Pool at 
river crossing 26.8.2002 21 33S 117 03E Hendrich 
leg/ loc WA 5/169' (CLH); 4 adults, 'WA Bonnie 
Pool PSW064 21°58'41"S, 119°59'27"E, 25/4/2005, 
CALM' (WAM Entomology No. 72063-72066); 
1 adult, 'WA Killagurra Spring 23 44S 122 25E 
2/7/03 CHSWatts' (SAMA Data base No 25-009112); 

1 adult, 'WA 12 k W Mt Florance Stn 25/5/01 
C.H.S.Watts' (SAMA Data base No25-003310); 1 
adult, 'Pilgangoora Well 24 May, 1953 N.B.Tindale' 
(SAMA Database No 25-008420). 

Other material (not paratypes) 

Australia: Western Australia: Gorge Junction 
Pool (24°05'00"E 118°03'17"E), 9 September 
2005, Pinder and McRae; Nyeetbury Spring 
(21°51'29"S, 116°30'57"E, 29 August 2003, Pinder 
and McRae; House Pool on Cane River (22°05'44"S, 
115°37'15"E), 16 May 2005, Pinder and McRae; 
Myanore Creek Pool (21°26'30"S, 115°51'46"E), 13 
May 2006, Pinder and McRae; Panorama Spring 
(21°12'02"S, 119°19'10"E), 11 September 2005, 
Pinder and McRae; Glen Ross Creek (24°10'44"S, 
118° 1'48"E), 9 September 2005, Pinder and McRae; 
Miningarra Creek (20°44'55"S, 120°18'24"E), 19 
September 2004, Pinder and McRae; Kumina Creek 
(21°51'45"S, 116°54'32"E), 4 May 2005, Pinder and 
McRae; Carawine Gorge (21°28'57"S, 121°01'40"E), 
4 September 2003, Pinder and McRae; Tanguin 
Rockhole (21°11'25"S, 121°05'03"E), 3 September 
2003, Pinder and McRae; Glen Herring Pool 
(21°20'32"S, 119°36'50"E), 2 September 2003, Pinder 
and McRae; Pelican Pool (21°19'55"S, 120°22'26"E), 

2 September 2003, Pinder and McRae; Coppin Gap 
(20°52'60"S, 120°07'07"E), 21 May 2004, Pinder and 
Barron (all in CALM). 

Description 

Adults 

Length 3.3-4.0 mm. Body broad, somewhat 
spindle-shaped, broadest at shoulders, subparallel 
in middle. 

Head. Relatively small, elongate. Light testaceous; 
antenna and palpi yellow. Punctures small on 
disc, larger towards posterior, scattered. Distance 
between eyes about 2.1 x dorsal width of eye. 

Pronotum. Light testaceous. Without plicae. 
Lateral borders finely margined; posterior corners 


slightly rounded. Unevenly punctured, weaker 
and sparser on disc, a few much larger punctures 
towards posterior angles. 

Elytra. Reddish-yellow, stria on disc black, black 
stripes tending to break up towards sides and 
posterior; sutural region narrowly black in most 
specimens. Primary punctures relatively small, 
becoming stronger until rows 5-6, 34-40 punctures 
in stria 1; basal 3-4 punctures of stria 5 almost 
obliterated by strongly curved impression, basal 
1-2 punctures in stria 4 also tend to be strongly 
impressed; striae 7 and 8 nearly reaching base; 
secondary punctures along suture small, in 
single row; interstriae 1, 2 and 4 with 12-14 small 
punctures. Lateral edges of elytra margined, 
weaker towards rear, weakly serrated towards 
front, apex rounded and slightly projecting. 

Ventral surface. Light testaceous, bases of pro 
and meso legs darker. Elytral epipleura reaching 
to posterior edge of ventrite 1, two rows of large 
shallow punctures on wider anterior portion, a 
single row of wide, shallow, virtually obsolete, 
punctures on narrow posterior portion. Prosternum 
punctate, punctures relatively small, most about a 
puncture width apart; front of proepisternum with 
8-20 unevenly sized and distributed punctures, 
largest same size as those on prosternum, few 
if any on posterior portion. Prosternal process 
robust, slightly constricted in middle, punctate, as 
on proepisternum, side ridges rounded, anteriorly 
clearly margined. Metasternal process broader 
than apex of prosternal process, sides strongly 
ridged, ridges diverging slightly towards rear, 
central portion flat except for slight dip at apex, 
inner edges of sides ridges sometimes weakly and 
sharply depressed/ grooved. Metacoxal lobes not 
reaching posterior edge of ventrite 1, weakly and 
sparsely punctured near suture, strongly punctured 
laterally. Four ventrites, ventrites 2-3 each with 
irregular row of punctures across width. Apex of 
last ventrite (4) sparsely punctured, punctures a 
little larger than those on ventrite 3. Metatibia with 
longer tibial spur about 2/3 as long as first tarsal 
segment. 

Male 

Basal three segments of, pro and mesotarsi 
weakly expanded, each with a small number of 
sucker hairs. Penis and parameres as in Figures 4 c, 
d and e. 

Etymology 

The species is named for the Pilbara region of 
northern Western Australia where it occurs. 

Distribution 

Haliplus pilbaraensis was collected widely across 
the Pilbara (Figure 5). 
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Figure 5 Distribution of ▲ Haliplus fortescueensis sp. nov., ■ H. pilbaraensis sp. nov., pinderi sp. nov. and #H. halsei 
sp. nov., in the Pilbara of Western Australia. 


Biology 

Kalgan Pool on Kalgan Creek is a deep clear 
(Turbidity 0.4-0.9, TDS 1 g/L, Colour 2.5-9 TCU at 
time of sampling), freshwater pool up to about 4 
m depth at the base of a cliff, with dense patches 
of Chara and Nijas. The sediments were coarse and 
dominated by pebble, cobble, boulder and gravel. 

Remarks 

Haliplus testudo Clark, H. australis Clark and H. 
wattsi van Vondel form a closely related species 
complex in coastal Australia from the Kimberly in 
Western Australia clockwise to the Mt Lofty Ranges 
in South Australia, characterized by the lack of 
dark elytral patches (other than dark punctures and 
puncture lines), and lack of a deeply grooved base 
to stria 5 on each elytron (Van Vondel 1995). 

The two species of the Haliplus subgenus 
Liaphlus from the Pilbara are clearly members of 
this complex of species. Haliplus wattsi is easily 
recognized by the strong, even sized, nearly 
confluent punctures on the proepisternal which 
are not present in the other species and their more 
angular shaped penises (Van Vondel 1995). From 
H. australis the new species differ in their weak 


discal elytral punctures, single line of sutural 
secondary punctures, presence of dark lines or 
rows of spots on the elytra, and the lack of the 
small distal thumb-like digitus on the tip of the 
left paramere found in H. australis (Van Vondel 
1995). From H. testudo they differ by the lack of 
dark spots on the pronotum present in most H. 
testudo , and the less strongly serrated edge of elytra 
at the shoulders and towards the apex. From all 
three species they differ in their sparsely punctate 
proepisternum (impunctate in H. australis and H. 
testudo , strongly punctate in H. wattsi), and more 
robust prosternal and metasternal processes both 
with raised sides and strong punctures. The new 
species also resemble H. timmsi Van Vondel in their 
broad shoulders, sparsely punctate proepisternum 
and even the metasternal depression (in H. halsei ), 
but H. timmsi differs from them in having vague to 
quite noticeable dark patches on the elytra, stronger 
elytral plicae, prosternal process without side 
ridges, stronger metasternal depressions and in the 
quite strongly serrated humeral edges to the elytra. 

Referring to the two new species from the 
Pilbara, H. pilbaraensis differs from H. halsei most 
noticeably in the dark inner elytral striae in contrast 
to the rows of dark spots in H. halsei (Figures 3, 
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4). Other characters which help to distinguish the 
two species are: the elytral punctures are weaker 
in H. pilbaraensis and the basal elytral groove on 
stria 8 is deeper and in most cases obliterates the 
punctures whereas in H. halsei the punctures are 
larger and in most cases are separate although often 
confluent; the sides of the metasternal process are 
more robust in H. halsei, club-shaped with the head 
at the anterior end and have a depression inside the 
side ridge. 

Haliplus (Neohaliplus) fuscatus Clark, 1862 

Haliplus fuscatus Clark, 1862: 401; Zimmermann 
1920: 308; Watts 1985: 27; Van Vondel 1995: 69. 

Diagnosis 

Small, oval, with short pronotal plicae and weak 
elytral plicae, elytral tips rounded, elytra dark 
reddish brown often with primary puncture rows 
black; penis long, thin and sinuate in ventral view 
(Van Vondel 1995). 

Remarks 

A fifth species of Haliplus, H. fuscatus Clark, could 
potentially be present in the Pilbara but has yet 
to be collected there. It is widespread in Southern 
Australia including inland areas (Van Vondel 1995) 
and has been collected recently from Lake Way 
near Wiluna and beside the Murchison River near 
Binnu (both specimens in the South Australian 
Museum). 

KEY TO THE SPECIES OF HALIPLUS FOUND 
IN THE PILBARA REGION OF WESTERN 
AUSTRALIA 

1. Pronotal base with longitudinal plicae, 

area between them depressed (subgenus 
Neohaliplus ).2 

Pronotal base without plicae (subgenus Liaphlus ) 

.4 

2. Elytra with strong dark/light colour pattern 

(Figure la). H. pinderi sp. nov. 

Elytra uniformly coloured or with indistinct 
colour pattern.3 

3. Apex of elytron with distinct small spine, row of 

strong comb-like spines on outside of protibia 
(Figure 2a). H. fortescueensis sp. nov. 

Apex of elytron rounded, without row of comb¬ 
like spines on outside of protarsi (e.g. Figure 
la) (south of Wiluna). H. fuscatus Clark 

4. Elytra with rows of mostly isolated dark spots 

(Figure 3a); raised sides of metasternal 
process robust, widening towards front 


(Figure 3b), punctures at base of elytral stria 8 

mostly separate, although often confluent. 

. H. halsei sp. nov. 

Inner elytral striae with uninterrupted dark 
line for most of their length (Figure 4a) raised 
sides of metasternal process rather narrow 
and even in width (Figure 4b); punctures at 
base of elytral stria 8 usually obliterated by 
strong groove. H. pilbaraensis sp. nov. 
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Abstract - Embryonic and larval development of the seven Geocrinia species 
across Australia are described and compared. This Australian myobatrachid 
genus includes three species with terrestrial embryonic development 
followed by aquatic exotrophic larval development and four species with 
entirely terrestrial and endotrophic development. Comparisons are made 
among species within the terrestrial /exotrophic group and the endotrophic 
group, and between the two breeding modes of each different species-group. 
Morphological differences are noted between northern and southeast coastal 
Western Australian populations of G. leai tadpoles. The G. rosea group shares 
some similarities with the other Australian endotrophic species in the genus 
Philoria and Crinia nimbus. 


INTRODUCTION 

About 38 species of anurans from 22 genera and 
7 families worldwide are known to have nidicolous 
endotrophic larvae, and if endotrophy occurs in 
a genus, usually all species in that genus are of 
that developmental guild (Thibaudeau and Altig 
1999). These authors listed some known exceptions, 
including Gastrotheca (one endotrophic and one 
exotrophic guild), Mantidactylus (one endotrophic 
and several exotrophic guilds) and Megophrys 
(one endotrophic and one exotrophic guild). The 
Australian myobatrachid genus Geocrinia also 
includes two developmental guilds as defined by 
Altig and Johnston (1989), with three terrestrial/ 
exotrophic species and four terrestrial/endotrophic 
species. 

The family Myobatrachidae in Australia has a 
great variety of breeding modes representative 
of various guilds (Altig and Johnston 1989) from 
the entirely aquatic (e.g. Uperoleia, Mixophyes, 
Taudactylus, Notaden and most Crinia ) to the 
terrestrial/aquatic (e.g. Pseudophryne and Geocrinia 
laevis group), nidicolous ( Philoria, Crinia nimbus, 
Geocrinia rosea group), the exoviviparous Assa, 
paraviviparous Rheobatrachus and the three closely- 
related direct developers Arenophryne, Myobatrachus 
and Metacrinia (Roberts 1993; Anstis et al. 2007; 
Anstis 2008). 

Across southern Australia and Tasmania, there 
are seven species of frogs currently assigned to 
the myobatrachid genus Geocrinia. Three species, 
including G. victoriana and G. laevis found in the 
southeast (Littlejohn and Martin 1964; Watson 
and Martin 1973) and G. leai from southwestern 


Australia (Main 1957, 1965), have terrestrial 
embryonic development and exotrophic (aquatic, 
feeding) larval development. The remaining four 
allopatric species in southwestern Australia (G. alba, 
G. lutea, G. rosea and G. vitellina ) belong to the G. 
rosea species-group (Wardell-Johnson and Roberts 
1993; Roberts 1993) and have terrestrial endotrophic 
(non-feeding) embryonic and larval development 
(Main 1957; Roberts et al. 1990; Roberts 1993). All 
seven species of adult frogs are small, ranging 
from 19-33 mm snout-vent length (SVL) and are 
generally similar in morphology (Littlejohn and 
Martin 1964; Driscoll 1997). 

Read et al. (2001) presented a mitochondrial 
gene tree for the myobatrachids as then defined 
with an emphasis on Crinia and Geocrinia. They 
included all species of Geocrinia except G. lutea, 
and their data divided Geocrinia into two strongly 
supported lineages: (a) G. leai, G. victoriana and G. 
laevis (with G. leai somewhat divergent) and (b) G. 
rosea, G. alba and G. vitellina (G. lutea is presumed 
to belong in this lineage based on other characters). 
Edwards (2007) found that G. leai consists of three 
distinct lineages which show no morphological 
differences as adults and occur in: (i) the northern 
Darling escarpment, (ii) the southeast coast and 
(iii) the southern coastal regions of southwestern 
Australia. Comparisons of G. leai tadpoles from 
populations (i) and (iii) are included here. To 
facilitate descriptions, G. leai, G. laevis and G. 
victoriana (i.e. lineage 'a' of Read et al. 2001) are 
referred to as the G. laevis group (terrestrial/ 
exotrophic) and the other four species as the G. 
rosea group (terrestrial/endotrophic). 
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These two groups are also clearly separated by 
their breeding biology, call structure (Littlejohn 
and Watson 1974; Roberts et al. 1990; Roberts and 
Wardell-Johnson 1995) and larval life history 
(Main 1957, 1965; Littlejohn and Martin 1964; 
Roberts et al. 1990; Roberts 1993). Anstis (2008) 
included the G. rosea group in the nidicolous 
endotrophic category of Altig and Johnston (1989) 
because the larvae of this group remain in a 
terrestrial nest, hatch from the eggs as free-moving 
tadpoles and metamorphose without feeding, 
unlike direct developers, which do not have a 
tadpole stage and differ significantly in other 
aspects of their physiological development (Altig 
and Johnston 1989; Thibaudeau and Altig 1999; 
Callery et al. 2001). 

Various descriptions of the embryonic and larval 
development of the two eastern exotrophic species 
have been published (Littlejohn and Martin 1964; 
Martin 1967; Littlejohn et al. 1971; Watson and 
Martin 1973; Martin and Littlejohn 1982; Gollmann 
and Gollmann 1991a,b, 1992a,b, 1993, 1994, 1995, 
1996a,b; Anstis 2002). For the southwestern species, 
there are studies including some developmental 
descriptions of G. leai and G. rosea by Main (1957, 
1965) and of G. vitellina by Mitchell (2001). 

This paper reviews the known breeding biology 
of all Geocrinia species based on the published 
literature and original observations. It then 
provides comprehensive descriptions of embryos 
and larvae with a developmental staging system 
for the G. rosea group, and enables detailed 
comparisons between individual species and 
between each group of the seven Geocrinia species 
during their embryonic and larval development. 
It should enhance our comparative knowledge of 
the developmental life history and morphology of 
Geocrinia embryos and larvae and facilitate a better 
understanding and interpretation of the evolution 
of these divergent cases of embryogenesis. 

A summary is provided of key differences in 
the early development of the G. laevis group and 
the G. rosea group as compared to Gosner (1960) 
stages 18-26, and shows the main characters of 
limb, oral, optic and opercular development that 
are not reconcilable with the Gosner staging system 
during early development (see Appendix 3). 
Comparisons of the G. rosea group with tadpoles of 
the only other Australian nidicolous species, Crinia 
nimbus and the genus Philoria, are summarised in 
the Discussion. 

REVIEW OF GEOCRINIA BREEDING BIOLOGY 

This section reviews the known literature on 
Geocrinia breeding biology (as cited), supplemented 
with original observations while in the field during 
the study. 


Terrestrial/exotrophic species: Geocrinia laevis 
group 

Geocrinia leai 

This species occurs mainly in forest habitats of 
southwestern Australia from the Darling Scarp 
east of Perth along the southwest coastal region to 
southern forests and Cape Leeuwin, and east to 
Albany (Main 1957). Dorsal colour is variable, but 
most have a broad brown to black band (which 
may be divided) on a lighter background. Ventral 
colour is dull, translucent greenish-yellow (Figure 
1A,B). Males usually call from April to late October 
(Main 1957) from hidden shady sites on land within 
or beside dry creek beds, above existing water in 
ponds or swamps, or in other areas that will be 
flooded later. Frogs are mostly found in leaf litter, 
beneath or within clumps of sedges or grass, or 
under logs in moist areas beside creeks, swamps, 
ponds or dry creek beds later to be flooded during 
the winter wet period. 

Eggs are laid on land from April to late October 
(autumn to spring), usually prior to rain, and are 
found in moist leaf litter, beneath matted reeds, 
under logs or attached to living vegetation. After 
the eggs have been laid, the male frog remains in 
the vicinity and resumes calling. For this reason, 
clutches of more than one female at different 
developmental stages may be found in the nesting 
territory of the same male. Eggs of a single clutch 
adhere together (Figure 3C). Several other clutches 
contained 52-96 eggs (Main 1957). Hatching 
begins from 15 days after the eggs are laid (Main 
1957). Metamorphosis occurs in spring, usually 
from October (Main 1957). The duration of larval 
development from eggs reared to metamorphosis in 
the laboratory was 149-174 days (Main 1957). 

Geocrinia laevis 

This species occurs in Tasmania, southwestern 
Victoria including the Grampians, and across to 
Mount Burr in southern coastal South Australia 
(Woodruff and Tyler 1968). Adults have a brown 
dorsum, often with a darker bifurcated patch less 
obvious in some, but dorsal pattern is variable 
(Littlejohn and Martin 1964). Ventral surface of 
males from Garvoc is white with dark flecks and a 
dull yellow throat and in females it is all white with 
darker flecks and patches (Figure 1C-E). 

In Tasmania calling begins in autumn from 
late February to April (Littlejohn and Martin 
1964) and mostly from about mid-March to mid- 
May in southwestern Victoria, depending on the 
weather (Littlejohn and Watson 1973; Harrison 
and Littlejohn 1985). In peak periods males call 
day and night while hidden beneath vegetation 
in matted grasses, sedges or leaf litter and at the 
base of tussocks within or beside low-lying areas 
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Figure 1 Adults of the Geocrinia laevis complex. A-B = G. leai male, dorsal and ventral views, Walpole WA; C-D = G. laevis 
male dorsal and ventral views; E = G. laevis spent female ventral view, Garvoc, Vic; F-H = G. victoriana male, two 
dorsal views showing unusual colour variants from Carlisle River, Vic (photos Ron Anstis) and ventral view. 
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Table 1 Material and localities for embryos and larvae of the genus Geocrinia. N = number of clutches. Stage = Gosner 
(1960) for G. leai, G. laevis and G. victoriana. For the four members of the G. rosea group, the stages are as given 
in Table 2. All clutches were studied live, except for the preserved clutch of G. rosea at stages 18-19*. 


Species 

Locality/State 

N 

Stage 

G. leai (northern) 

Near Harvey, WA 

2 

9 


Kangaroo Gully, Darling Scarp, WA 

3 

9,18, 20 

G. leai (southern) 

Frankland River near Walpole, WA 

3 

17,19, 20 


Nornalup, WA 

1 

12 

G. laevis 

Garvoc, Vic 

3 

2-3 

G. victoriana 

Carlisle River, Vic 

2 

17,19 

G. alba 

Forest Grove, 13 km SE Withcliffe, WA 

2 

23,28 

G. lutea 

4 km NW Walpole, WA 

3 

25,26 

G. rosea 

Pine Rd, Giblett block, near Pemberton, WA 

3 

23 

G. rosea 

Near Pemberton, WA 

1 

*18-19 

G. vitellina 

Spearwood Creek near Witchcliffe, WA 

2 

18, 28 


that will later be flooded. Many make nest sites on 
sloping banks above more permanent ponds. Egg 
clutches are laid in shallow excavated depressions 
and usually a male (and sometimes a female if the 
eggs have been recently laid) is nearby. Littlejohn 
and Martin (1964) reported that six egg clutches 
contained a mean of 111 eggs (76-147). Hatching can 
be delayed for up to four months if conditions are 
not suitable (Littlejohn and Martin 1964). 

Geocrinia victoriana 

The range of this species is fragmented across 
Victoria with populations in eastern and central 
Victoria and the eastern end of the southwest 
region, where a narrow hybrid zone with G. laevis 
occurs (Littlejohn et al. 1971; Littlejohn and Watson 
1985). Dorsal colour is variable, but many adults are 
brown or grey with or without a darker interorbital 
patch which continues and bifurcates posteriorly, 
tapering to a point down each side of the vertebral 
region. Dorsal colour is especially variable in the 
Otway district of the southwest (Littlejohn and 
Martin 1964), some bearing striking pale markings 
akin to lichen formations (Ligure 1L,G). Males 
call from mid-March to November, depending on 
region and climate conditions. Calling sites are 
similar to those of G. laevis (Littlejohn and Martin 
1964). Several males often call in a polyphonic 
chorus, each in response to others. 

A detailed description of the oviposition process 
is presented by Littlejohn and Martin (1964), and 
eggs are usually laid in autumn (March to May). 
Egg clutches may be attached on land to reeds, 
in moss, in or under tussocks, in small hollows 


or at the edge of small puddles (Gollmann and 
Gollmann 1996b). The mean number of eggs in 20 
egg masses from Kinglake West (Littlejohn and 
Martin 1964) was 121 (90-162). Early development 
has been well documented by Littlejohn and Martin 
(1964), Martin and Cooper (1972) and Gollmann 
and Gollmann (1991a). The mean diameters of ova 
prior to stage 10 vary from 3.1 mm at Kinglake 
West (Littlejohn and Martin 1964) to 1.9 mm (at 
Gellibrand; Gollmann and Gollmann 1996b), the 
latter nearer to the hybrid zone with G. laevis. 
Twenty capsules from Kinglake West had a mean 
external diameter of 6.2 mm ( 5.7-72 ; Littlejohn and 
Martin 1964). Gollmann and Gollmannn (1992b) 
reported that hatching time varied greatly among 
clutches, some hatching 2-4 days after flooding and 
others over an extended period of time. Tadpoles 
have been described by Littlejohn and Martin 
(1964), Gollmann and Gollmann (1995) and Anstis 
( 2002 ). 

Endotrophic species: Geocrinia rosea group 

Geocrinia rosea 

This species occurs within an area of about 
1885.7 km 2 in southwestern Australia (Wardell- 
Johnson and Roberts 1993) around Warren River 
valley, Pemberton and Dombakup (Main 1957, 
1965). Driscoll and Roberts (2008) found two 
separate genetic populations of G. rosea , the 
northern populations occurring in association with 
catchments of the Donnelly and Warren Rivers and 
Dombakup Brook, the southeastern populations 
in the Shannon and Gardner River catchments. 
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and a very narrow hybrid zone between northern 
and southeastern populations. Frogs commonly 
inhabit riparian seepage sites at stream headwaters, 
streams in minor valleys and terraces in major 
valleys (Wardell-Johnson and Roberts 1993) in 
Karri forests ( Eucalyptus diversicolor ), where they 
secrete themselves in muddy depressions beneath 
vegetation or leaf litter, beneath dense thickets 
beside small creek-lines, or sometimes in rotting 
logs away from creeks. Soil at breeding sites of all 
four species in this group is highly acid, normally 
does not dry out or get flooded, and consists mainly 
of moist fine and coarse sand, and organic peaty 
matter (Wardell-Johnson and Roberts 1993). 

Adults are dark reddish-brown at night, usually 
with a darker bifurcated patch that is more obvious 
during daytime, and small scattered dorsal 
tubercles. Ventral colour is rose pink, and calling 
males have a black throat (Figure 2E,F). Males 
call from late winter to early summer (August to 
December; Roberts et al. 1990). 

Eggs are laid singly on land within a small moist 
depression in peaty soil beneath vegetation, or in 
rotting logs, mainly in spring during September 
and October. Three nests collected near Pemberton 
in the vicinity of a calling male in an area of 0.5 
m 2 contained 11, 12 and 13 embryos all at the same 
stage (Table 1). A further series of 30 nests from 
Pemberton contained from 26-32 embryos (Main 
1957). Main (1956) states that larval duration in the 
field for G. rosea may be over 60 days. 

Geocrinia lutea 

This species is restricted to an area of about 
148.2 km 2 in the south coast of Western Australia 
around Walpole and Nornalup (Wardell-Johnson 
and Roberts 1993). Frogs occur in seepage areas 
along the Deep River catchment area beside small 
creeks and swampy areas in heathland and forest, 
where they are hidden in moist sphagnum moss or 
peaty-mud depressions beneath or within clumps 
of vegetation. 

Adults are dark brown at night with a slightly 
darker bifurcated patch and dorsal tubercles, and 
lighter brown by day. Ventral colour is white with a 
yellow wash, and males have a black throat (Figure 
2C,D). Males call from July to December (Roberts et 
al. 1990; Roberts and Wardell-Johnson 1995). 

Eggs are laid singly in a small frog-sized moist 
depression in peaty soil beneath vegetation or in 
sphagnum moss. Three nests collected in October 
near Walpole contained 11, 12 and 18 embryos at 
stages 25-26. Two were found near each other in a 
spherical well within a thick clump of sphagnum 
moss beside a small flowing creek. The third was 
uncovered beneath vegetation in a small excavated 
hollow in peaty mud beside a creek. Ova were not 
observed, but from observations of embryos prior 
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to hatching which had large pale yolk sacs similar 
to other species of this group (Figure HE), it is 
likely eggs are large and unpigmented. 

Geocrinia alba 

This species is restricted to about 56 discrete 
populations within an area of about 130 km 2 
of remaining, partly cleared forest habitat in 
southwestern Australia in the Witchcliffe to 
Karridale region (Roberts et al. 1990, 1999; Wardell- 
Johnson and Roberts 1993; Conroy 2001). Frogs 
occur in seepage areas beside small creeks in forest 
where they are hidden in depressions in peaty soil 
beneath clumps of vegetation. 

Adults are dark brown at night, usually with a 
slightly darker bifurcated patch and prominent 
dorsal tubercles. The ventral surface is all white in 
both sexes (Figure 2A,B). Males call from August 
to early December (Roberts et al. 1990; Roberts and 
Wardell-Johnson 1995; Conroy 2001). 

Eggs are laid singly in a small moist depression 
about 2-3 cm diameter in sandy, peaty soil beneath 
vegetation beside small creeks. Clutch counts of 
230 nests range from 1-19 (mean 11; Conroy 2001). 
Larval life span of various clutches ranged from 
about 28-98 days (most longer than 60 days) and 
clutches laid earlier in the season generally take 
longer to reach metamorphosis, probably due to 
cooler temperatures (Driscoll 1996). 

Geocrinia vitellina 

This species is currently known to occur in only 
six populations in an area of about 6 km 2 of suitable 
remaining forest in southwestern Australia in 
the Blackwood River (Spearwood Creek) region 
(Roberts et al. 1999; Tyler et al. 2000; Mitchell 2001). 
Frogs occur in seepage areas mainly on the eastern 
slopes of Spearwood Creek, where they are hidden 
in depressions in peaty soil beneath mats of 
vegetation (Tyler et al. 2000; Conroy 2001; Mitchell 
2001 ). 

Adults are dark brown at night with a slightly 
darker bifurcated patch and prominent dorsal 
tubercles. By day they may be quite pale with 
prominent darker tubercles. Ventral colour is rich 
egg yellow, usually with a whitish area over the 
lower abdomen, and mottled brown and white 
over underside of the hind limbs (Figure 2G,H). 
Males call from late winter to early summer and 
breeding is known to occur from late August to 
early December (Roberts et al. 1990; Conroy 2001). 

Eggs are laid singly in 1-2 layers within the 
nest in a small muddy depression 18.2-29.1 mm 
maximum diameter (mean 23 mm) and 7.5-20.4 
mm maximum depth (mean 13.8 mm; Mitchell 
2001) in peaty soil beneath mats of clumping 
vegetation or dead grass. Clutch counts of 191 
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Figure 2 Adult males of the Geocrinia rosea complex showing contrasting ventral colour. Localities are given in Table 
1. A-B = G. alba ; C-D = G. lutea ; E-F = G. rosea; G-H = G. vitellina. 
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nests range from 3-18 (mean 11; Conroy 2001) and 
another 23 clutches (Mitchell 2001) range from 
5-15 (mean 10). The mean diameter of 42 large, 
unpigmented ova from eight clutches was 2.8 
mm (2.6-3.1; Mitchell 2001). A large, thick, dense 
jelly capsule surrounds the vitelline membrane. 
A capsule at stage 18 has a very thin, adhesive 
external membrane that envelops each capsule 
and can be torn with a pin and separated from 
the dense jelly beneath. The mean diameters of 
15 capsules from three clutches of G. vitellina was 
9.1 mm (8.2-10.2; Mitchell 2001). The jelly capsule 
remains discrete and broadly rounded in form until 
the tail of each embryo begins to lengthen (Figure 
HE), after which the jelly gradually expands then 
begins to break down prior to tadpoles hatching, 
and becomes more viscous and liquefied (Mitchell 
2001). This consistency is then maintained during 
the rest of development and enables oxygen 
transfer and movement of tadpoles within the 
nest basin. Hatching occurred at a controlled 
temperature of 15°C when embryos were at stages 
23-25, 19-26 days after the eggs are laid, and the 
mean total length of 15 hatchlings was 11.0 mm 
(9.5-13.0; Mitchell (2001). Larval duration was 86-87 
days in embryos raised at 15°C (Mitchell 2001). 

METHODS 

Material and measurements 

Material and localities are listed in Table 1. No 
live material was available earlier than stages 18 for 
G. vitellina and G. rosea, stage 24 for G. lutea, stage 23 
for G. alba, stage 9 for G. leai, stage 2 for G. laevis and 
stage 17 for G. victoriana. Material will be lodged 
in the Western Australian Museum and Museum 
Victoria at the conclusion of further studies. 

Measurements of live and preserved embryos 
and tadpoles were taken to the nearest 0.1 mm 
using an ocular micrometer attached to a Wild 
M5 stereoscopic microscope. Tadpole descriptive 
terminology follows Anstis (2002), and the labial 
tooth row formula (LTRF) of Altig (1970) is 
used in oral disc descriptions. Descriptions of 
pigmentation of the tail refer to skin colour only. 
SVL of metamorphs was measured in ventral 
view. For the embryos and tadpoles of G. leai and 
G. laevis, a more detailed description is provided, 
and for G. victoriana, only additional material and 
revised descriptions with reference to previous 
studies listed above are included. Specimens at 
various stages were anaesthetised in 1% chlorbutol 
solution prior to photography and measurement, 
then preserved in 4% buffered formalin (Tyler 
1962). Photographs of live specimens were taken 
with a Nikon D80 and 60 mm macro lens. For 
photography, it was necessary to anaesthetise and 
immerse the terrestrial tadpoles of the G. rosea 
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group in water for lateral views, and because of 
the similarity between these species, photographs 
of only two species are provided in Figure 12. 
Drawings of various stages of preserved specimens 
were made with the aid of a drawing tube attached 
to the microscope. Specimens of G. rosea used for 
Figure 13 were stained with 1% Toluine Blue. 

Staging 

Any developmental descriptions of the nidicolous 
G. rosea group of tadpoles are difficult because 
their development cannot be aligned with the 
universally accepted staging table devised for 
aquatic tadpoles by Gosner (1960) beyond stage 
19 (Mitchell 2001). De Bavay (1993) presented a 
comprehensive description and staging table 
for the nidicolous species Philoria sphagnicola. 
Mitchell (2001) adapted some of the early De Bavay 
stages (19-26) to better apply them to the early 
development of G. vitellina and used the De Bavay 
stages (27-37) for the rest of the development to 
metamorphosis. However, she noted difficulties 
with this system because it uses the development 
and disappearance of keratinised jaw sheaths for 
some stages and these never develop in the G. 
rosea group. As Philoria embryos differ from the 
G. rosea group in a number of significant ways, I 
present a staging table (Appendix 1) from stages 
18-40 (metamorphosis complete) that specifically 
targets the G. rosea group and incorporates some 
adaptations of stages 19-26 from Mitchell (2001). In 
this table, Gosner (1960) stages (indicative of hind 
limb development only) are given in parenthesis 
to assist comparison with the Gosner limb 
development stages in the exotrophic Geocrinia 
species. For the exotrophic species, stages in 
Appendix 2 are those of Gosner (1960) and 
incorporate features for stages 20-26 of Gollmann 
and Gollmann (1991a). 

While most features of the three exotrophic 
species of the G. laevis group correspond adequately 
with Gosner stages from stage 26 to metamorphosis, 
synchronisation differences occur during stages 
21-25 as a result of the slower development 
of mouthparts and gut and the precocious 
development of the hind limb buds. Stages 20-26 
of Gollmann and Gollmann (1991a) devised to suit 
these early development stages of the eastern G. 
laevis and G. victoriana are incorporated here for G. 
leai as well (Appendix 2). 

Rearing 

Embryos were maintained in a mobile caravan 
and vehicle over a period of three and four weeks 
(southwestern species) or one week (southeastern 
species), before being transported to NSW. As a 
result, temperature could not be controlled during 
development. 
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Figure 3 Habitat and comparative sample stages of embryonic development in life of the Geocrinia laevis group. Scale 
bar represents 1 mm. A = habitat of G. victoriana, pond at Carlisle River, Vic; B = non-hydrated egg clutch of 
G. leai on land beneath dead reed stems on sloping bank; C = hydrated egg clutch of G. leai beside pond, Nor- 
nalup, WA; D = embryos of G. leai at stage 19 tightly coiled within vitelline capsule; E = G. laevis at stage 21 
(left) compared with G. victoriana at stage 20 to show size difference, which persisted during development; F 
= 'twin' G. victoriana embryos at stage 21 in individual vitelline capsules, arrow indicates single outer mem¬ 
brane; G = G. leai at stage 25 prior to hatching; H = G. leai at stages 24-25, arrow indicates one just hatching; 
I = G. laevis stage 26 showing tooth rows and spiral gut, arrow indicates reduced adhesive glands; J = G. leai 
hatchlings, stage 25 from Nornalup, showing gold iridophores and bright gold tip of tail muscle. 
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Table 2 Timeline in hours and minutes for the de¬ 
velopment of a single clutch of Geocrinia 
laevis from stage 2 until the first 7 embryos 
hatched. Timing begins when tadpoles were 
first collected at stage 2. Actual time from 
oviposition to stage 2 is unknown, but is 
likely to be no more than about 4-5 h. Times 
represent only the first embryos to enter each 
stage, as individual differences in develop¬ 
mental rate were observed. Stages represent 
those given in Table 1. Temperature range: 
8-22°C. 


Time 

(h/min) 

Stage 

0 

2 

4.24 

6-7 

25.42 

9 

45.15 

12 

68.56 

14 

92.06 

17 

104.09 

18 

169.51 

19 

190.15 

20 

217.42 

21 

246.00 

22 

289.42 

23 

361 

24 

389 

25 

554.30 

26 

582.30 

26 (hatched) 


Terrestrial/exotrophic species: Geocrinia laevis group 

During the terrestrial phase, embryos were 
placed in sealed containers (18 x 12 x 6 cm high) 
and reared on moist leaf litter, moss or on the 
vegetation to which they were originally attached 
when collected. Each clutch was lightly covered 
with damp paper towel and sprayed briefly each 
day with rain water. Various stages of development 
were photographed in and out of water. Moisture 
was increased from stage 24, when tadpoles were 
more active within the capsules. From stage 25 
(G. leai ) and stage 26 (G. laevis and G. victoriana), 
embryos were placed in containers with water 
depth to at least half capsule diameter to initiate 
hatching. Some were laid in very shallow water 
when at stages 22-23 to determine if earlier 
hatching was possible. 

Hatched tadpoles were reared in plastic dishes (40 
cm diameter, opaque sides) containing rain water to 
a depth of 15 cm, washed river sand, sediments, leaf 
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litter and rocks. Dishes were placed outdoors under 
translucent overhead cover, with access to morning 
sun. In addition to available algae and sediments 
in the containers, tadpoles were fed three times 
per week on small amounts of finely crushed algae 
discs and appeared to maintain good condition and 
steady growth. 

Endotrophic species: Geocrinia rosea group 

Each nest was excavated from the substrate to 
a radius of about 5 cm around the nest, including 
a depth of about 6 cm of soil or moss which was 
retained around the nest for support and moisture. 
The nest and surrounding substrate was placed 
in a circular plastic container (diameter 11 cm, 
depth 9 cm), and covered with a perforated lid. A 
dampened piece of fine gauze material was placed 
beneath the lid to aid moisture retention. 

Embryos were observed twice a day. Feeding was 
not required and the thick peat or sphagnum moss 
substrate maintained moisture in the container 
throughout development. 

RESULTS 

Early development for the three exotrophic 
species is essentially similar and a general 
description for all three from stages 17-26 is given 
in Appendix 2. For the G. rosea group, larval 
development is similar among the four species 
so a composite description is given below and a 
staging system presented in Table 2. Observations 
on the breeding biology and larval descriptions 
of the aquatic tadpole phase are given for each 
species. 

Geocrinia leai 
Eggs (Table 3, Figure 3) 

Females lay all eggs in a single clutch, or deposit 
the clutch in multiple smaller clusters. One female 
in captivity laid her clutch in two clusters about 
3 cm apart, with 37 eggs in one cluster and 50 in 
the other. Five clutches from Kangaroo Gully and 
near Harvey ranged from 38-87 eggs. Only in the 
case of the 87 eggs laid by one captive pair is it 
known that these were the total number laid by one 
female. 

Embryos prior to stage 9 were not observed. The 
animal pole is dark brown to black and vegetal pole 
is white. Two jelly layers surround the vitelline 
membrane, the outer of which is enclosed in a thin, 
strongly adhesive membrane that joins each capsule 
to other capsules and the supporting substrate 
material. Diameters of individual layers of a single 
hydrated preserved egg at stage 9 (from outermost 
membrane to vitelline membrane) were 5.8, 5.3, 3.9 
and 2.3 mm. 
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Table 3 Measurements of live ova of the G. laevis group. N = sample size. Stage = Gosner (1960). Capsules are non- 
hydrated except for * which indicates hydrated capsules. Northern and southern coastal G. leai are indicated 
(see Table 1). Separate measurements are given for the three G. laevis clutches. 


Species 

N 

Stage 

Ovum 

Capsule 

G. leai (northern) 

18 

9 

2.0 (1.9-2.1) 

2.7 (2.4-3.1) 

G. leai (southern) 

9 

12 

1.5 (1.5-1.6) 

6.0 (5.8-6.3)* 

G. laevis clutch 1 

16 

9 

1.7 (1.6-1.8) 


G. laevis clutch 2 

11 

7 

1.5 (1.5-1.6) 

2.7 (2.6-2.9) 

G. laevis clutch 3 

8 

5 

1.6 (1.5-1.6) 

2.7 (2.3-3.2) 

G. victoriana 

25 

9 

2.2 (2.1-2.4) 

3.0 (2.6-3.3) 

G. victoriana 

7 

23 


4.2 (4.0-4.5) 


Table 4 Measurements of total length (TL) and body length (BL) of hatchlings of the G. laevis group. N = sample 
size. Stage as in Gosner (see Appendix 2). Those marked hatched earlier than others from the same clutch. 
Northern and southern coastal populations of G. leai are indicated (see Table 1). 


Species 

N 

Stage 

TL 

BL 

G. leai (northern) 5 '' 

10 

23,24 

7.7 (6.9-8.1) 


G. leai (northern) 

10 

25,26 

9.7 (8.9-10.5) 

3.1 (2.9-3.4) 

G. leai (southern) 

9 

25 

8.7 (8.4-9.3) 

2.8 (2.7-3.0) 

G. leai (southern) 

11 

26 

9.6 (8.9-10.6) 

3.3 (2.9-3.5) 

G. laevis * 

30 

26 

10.0 (9.0-10.9) 

3.2 (2.7-3.5) 

G. laevis 

27, (1) 

26, (27) 

9.6 (8.5-12.5) 

3.2 (2.8-3.5) 

G. victoriana * 

9 

23 

9.8 (9.7-10.0) 

3.3 (3.2-3.4) 

G. victoriana 

16 

26 

11.9 (11.4-12.6) 

4.0 (3.9-42) 

G. victoriana 

14 

27 

12.7 (12.4-13.4) 

4.2 (3.9-4.5) 


Hatchlings (Table 4, Figure 3) 

A clutch from Nornalup began hatching at stage 
25,21 days after the eggs were laid. Hatching stages 
and times were variable, but most embryos were 
actively writhing within the capsule by stages 
24-25, when the jelly capsule began to expand 
further and gradually break down. Most tadpoles 
then wriggled out of the jelly during stages 25-26. 
Two samples of embryos at stages 21-22 and 23-24 
hatched readily when placed in shallow water, but 
immersion did not trigger hatching in all embryos 
at these earlier stages. 

Hatchlings have lateral, golden eyes and a 
cylindrical body, with the posterior tooth rows not 
yet fully complete. They are brown dorsally, with 
numerous gold iridophores over body and dorsal 
tail muscle (Figure 3J). The gut has about three 
thick yolk-filled loops, but is not yet fully developed 
in length (Figure 31). The yolk supply gradually 
diminishes in unhatched tadpoles, and very late 
hatchlings are less vigorous. 

Tadpoles (Figures 4A, 5) 

The largest tadpole found had a total length of 


37.0 mm with a body length of 11.5 mm (stage 41, 
Walpole). The following general description is 
based mainly on a typical tadpole at stage 37, with 
relevant ontogenetic and geographical comparisons 
for southern coastal and northern populations (see 
Table 5 for larval measurements). 

Body. Small, cylindrical to plump (southern 
coastal; Figure 5A) or more oval (northern; Figure 
5B) and slightly wider than deep across abdomen; 
slightly broader across gill region in southern 
coastal compared with northern tadpoles. Snout 
broadly rounded and slightly more elongate in 
dorsal view in northern tadpoles than in southern 
coastal tadpoles, rounded in lateral view. Eyes 
quite close to tip of snout and lateral with slight 
dorsal tilt after hatching to about stage 27 (Figure 
3J). As the body grows, the eyes are either lateral to 
near lateral in southern coastal tadpoles or slightly 
dorsolateral in northern tadpoles (Figure 5A,B). 
Iris mostly copper-gold, gold ring around pupil 
and darker at each side. Nares moderately spaced, 
open dorsoanteriorly (mainly dorsally in earlier 
stages) and equidistant between snout and eyes. 
Spiracle visible from above, opens dorsoposteriorly 
(posteriorly at stages 25-26) on or just below 
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Figure 4 Preserved tadpoles and oral discs of the G. laevis group. Scale bar in A represents 5 mm, scale bars in B-D rep¬ 
resent 1 mm. A = Tadpole of Geocrinia leai at stage 38 in lateral view; B = oral disc of Geocrinia leai at stage 38 
from Walpole (southern): note length of P 3 tooth row and posterior medial gap in papillae; C = oral disc of G. 
laevis from Grampians, Vic. (Anstis 2002); D = oral disc of G. victoriana from Warburton, Vic. (Anstis 2002). 


horizontal body axis, posterior to midpoint of body; 
outer edge of opening flares laterally and inner 
edge is unattached to body. Vent tube dextral (type 
(a); Anstis 2002), short, opens partway up ventral 
fin, mostly unattached to fin behind. A tiny hind 
limb bud is first visible at stage 25. 

Tail: Fins moderately arched. Dorsal fin begins 
just onto body, arches to about midpoint and tapers 
to a rounded tip in northern specimens or a more 
elongate to narrowly rounded tip in southern 
coastal specimens. Ventral fin less arched, of similar 
depth along length before tapering. Muscle shallow 
to moderate, tapers to narrow point. 


Pigmentation : Dorsum of hatchlings at stages 25- 
26 brown or dark brown with fine gold iridophores 
over body and tail, often forming a gold stripe 
down each side of head and body and merging 
to single stripe at base of body and down dorsal 
surface of tail muscle (Figure 3J). Body wall mostly 
transparent around snout. Sides of body with gold 
specks over abdomen. Venter mostly transparent 
with a few copper-gold flecks. 

By stage 31 and beyond, some tadpoles retain 
dull gold dorsal stripes down each side of the 
darker vertebral region, and others become more 
uniformly dark brown, rusty-brown or silvery-grey. 
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Figure 5 Tadpoles of Geocrinia leai from northern and southern populations in life showing differences in body form 
and pigmentation. Scale bar represents 5 mm. A = (from top down, dorsal view) stage 42 and 42 showing 
colour variation, stage 41 and stage 37 from southern site near Walpole; B = stage 42,41, 37 and stage 35 from 
northern site. Kangaroo Gully, Darling Scarp; C = stage 40 lateral view, southern site near Walpole; D = stage 
38 lateral view, northern site Kangaroo Gully; E = stage 46 dorsal and ventral views, Walpole; F = stage 46, 
Kangaroo Gully. 
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often with dark flecks or patches. Snout often more 
translucent anterior to eyes, especially in southern 
coastal tadpoles. Darker dorsal pigment beneath 
often shows through in patches where iridophore 
pigment does not form a complete cover. Rows of 
fine gold lateral lines visible. Sides vary from a fine 
gold or copper layer over dark beneath to broader 
silvery-grey patches (dark between); opaque copper 
sheen extends from below spiracle to venter where 
it covers most of abdomen by stage 27 apart from a 
band of melanophore stippling down the middle. 
By stage 37, copper sheen is denser with the band of 
stippled melanophores down the middle from heart 
to mid-abdomen; mostly clearer anteriorly except 
sides of gill region, where a dark layer beneath 
is mostly covered with silver-gold iridophores. 
Northern specimens do not appear to vary as much 
in pigmentation and most observed were more 
uniform dark brown with less obvious lighter 
dorsal stripes (Figure 5B). 

Fins clear with dense melanophore flecks and 
reticulations mainly on dorsal fin, and finer ones 
posteriorly on ventral fin; small gold clusters 
scattered over both fins. Tail muscle usually 
uniform dark brown to black with variable small to 
broad gold or silvery patches or mottling, or a more 
continuous layer of silver, gold or rusty brown. 

Oral Disc (Figure 4B): Oral disc ventral, almost 
as wide as snout, slightly emarginate (mainly in 
northern individuals). No papillae around anterior 
margin, wide medial gap in posterior papillae. 
The posterior medial gap in papillae is almost half 
the width of the oral disc for the southern coastal 
specimens (mean ratio of posterior gap width 
to oral disc width = 0.49), whereas for northern 
specimens the gap is just over one-third the width 
of the oral disc (mean ratio = 0.38; Table 7). There is 
one row of marginal papillae laterally and around 
posterior corners of the disc, with from none to two 
additional rows of submarginal papillae, often more 
numerous at each side of the lower labium. Most 
specimens from Kangaroo Gully (northern) had no 
submarginal papillae, a few had one submarginal 
row on the lower labium only. All southern 
coastal specimens (Walpole and Nornalup) had 
submarginal papillae in one or two irregular rows 
on the lower labium and one row on each side of 
the anterior labium. 

Two anterior and three posterior tooth rows, 
A 2 with a narrow medial gap; P 12 3 usually all 
entire (P 1 occasionally with very narrow gap) and 
of similar length; P 3 slightly shorter than P 2 and 
extends beyond the width of the posterior medial 
gap in papillae on each side. P 3 row consistently 
more than half the width of the oral disc (P 3 / 
ODW = 0.6) in northern tadpoles to almost three- 
quarters the width of the oral disc (P 3 /ODW = 0.7) 
in southern coastal tadpoles (Table 6). Jaw sheaths 
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slender, upper quite broadly arched with long sides 
(Figure 4B), lower sheath slightly more heavily 
keratinised than upper. LTRF = 2(2)/3. 

Larval duration and metamorphosis 

Tadpoles metamorphose in the field and in the 
laboratory in late October. Twelve metamorphs at 
stage 46 from Walpole had a mean SVL of 11.0 (9.6- 
12.8 mm) and showed the typical colour patterns 
of the adult with a broad dorsal band (Figure 
5E). Some were reddish-brown overall, but most 
were yellow-brown. The underside was mostly 
transparent with numerous small whitish specks 
including limbs. Northern specimens were often 
dark brown with a lighter area anterior to eyes and 
scattered fine bluish tubercles (Figure 5F). 

Geocrinia laevis 
Eggs (Table 3, Figure 6) 

Three clutches were collected near Garvoc, 
Victoria on 1 May 2008, each from a small 
depression in damp, matted dead grasses beneath 
leaf litter or low growing surface vegetation within 
a dry swamp area. They contained 150, 168 and 183 
eggs, respectively. Rain had occurred in the area 
during the previous two days and brief heavy rain 
(25 mm) had fallen two weeks prior. One clutch 
approaching stage 2 was found at 1330 hrs within 
a slightly excavated nest site, with a calling male 
and a spent female nearby. Each clutch formed a 
sticky rope or chain of tightly packed adherent 
eggs (Figure 6A). This entire clutch measured 4.2 
cm long and 1 cm wide. Another clutch laid by a 
second pair was also at stage 2 and in two clusters 
but otherwise similar to the first. Under normal 
seasonal conditions after heavier, more prolonged 
rain in early winter, this area fills with shallow 
water and breeding ideally takes place some weeks 
before the pond fills. 

During early cleavage (stages 3-7), the animal 
pole was dark brown and the vegetal pole was 
white (Figure 6B,C). Cleavage follows normal 
Gosner stages. From stage 10, the vegetal pole was 
light grey-brown. Stages 17-26 (to hatching) are 
described in Appendix 2, with reference to Figures 
6 and 7, and Table 2 provides a developmental 
sequence for one clutch of G. laevis from stage 2 to 
first hatching at stage 26. 

The capsule is small and firmly spherical 
while eggs are developing out of water prior to 
hatching, and non-immersed capsules maintain a 
similar diameter throughout most of embryonic 
development. There are two jelly layers around 
each embryo, the outer covered with a very thin 
adhesive membrane that attaches each egg to 
adjacent ones and to substrate material. From stage 
23 onwards the growing embryo is very tightly 
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Figure 6 Sample stages of embryonic development in life of Geocrinia laevis and G. victoriana up to hatching. Scale 
bar represents 1 mm. A-L = G. laevis. A = egg clutch in nest site beneath surface leaf litter. B = stages 5-6; C 
= stage 9; D = stage 12; E = stage 14; F = stage 17; G = stage 19; H = stage 21; I = stage 23, arrow to vitelline 
blood vessels; J = stage 25; K-L = stage 26 hatched. M = hatched G. victoriana at stage 26 (above) compared 
with hatched G. laevis at stage 26 (below). 
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Figure 7 Sample preserved stages of embryonic development of the Geocrinia laevis group prior to hatching. Scale bar 
represents 1 mm. Stages are those of Gosner (1960) with those of Gollmann and Gollmann (1991) incorporated 
for stages 21-26 (Appendix 2). A-C = G. laevis stage 14 dorsal, stage 17 lateral, stage 17 anterior views; D = G. 
victoriana stage 19; E-F = G. laevis stage 22 lateral and ventral views; G = G. leai stage 23 lateral view, iris now 
golden; H = G. leai stage 24 lateral view; I-L = development of oral disc, ventral view for G. laevis stage 21, G. 
laevis stage 23, G. leai stage 24 and G. victoriana stage 25. 
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Figure 8 Tadpoles of G. laevis and G. victoriana in life. Scale bar represents 5 mm. G. laevis are from Garvoc and G. 

victoriana from Carlisle River, south-western Vic. A-B = G. laevis stage 37 dorsal and ventral view; C-D = G. 
victoriana stage 38 dorsal and ventral view; E = G. laevis stage 34 lateral view; F = G. victoriana stage 37 lateral 
view; G = G. victoriana stage 46; H = G. laevis stage 46. 
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coiled within the small non-hydrated capsule 
(Figure 6I,J). If immersed in water, the jelly layers 
expand (the inner layer is poorly defined and 
difficult to see). Diameters of individual layers of 
a single hydrated preserved egg at stage 7 (from 
outermost membrane) are 3.0, 2.7 and 2.2 mm 
(ovum 1.6 mm). 

Hatchlings 

When larvae were at stage 26, each of the three 
clutches was partly submerged in water. Within 12 
h after immersion in water, the first few tadpoles 
from three clutches hatched at stage 26, 26-27 
days after the eggs were laid. Hatching was then 
staggered over a further 25-47 days until the last 
one hatched 72 days after the eggs were laid. Those 
still unhatched remained at a similar size and stage 
or grew slightly within the jelly capsule, and a few 
did not hatch until stage 27. 

No external gills were present during devel¬ 
opment. Hatchlings at stage 26 (Figure 6K-M - 
bottom tadpole) had fully developed mouthparts 
and gut and began feeding soon after they entered 
water. They were translucent brown with gold 
iridophores over the dorsum, sides of body, dorsal 
fin and tail muscle and the eyes were dense gold. 
The dorsal fin and posterior end of the ventral fin 
were lightly pigmented with melanophores. The 
ventral surface was dark over the abdomen with a 
few iridophore clusters and the anterior half was 
unpigmented. 

Tadpoles (Figure 8A,B,E) 

The largest tadpole raised in captivity had a total 
length of 29.8 mm and body length of 11.0 mm 
(stage 37; Table 5). 

Body: Small, cylindrical to fairly plump, wider 
than deep across abdomen. Snout broadly rounded 
in dorsal view, rounded in lateral view. Eyes 
lateral (may appear more dorsolateral in preserved 
specimens) and set quite close to snout, iris mostly 
golden, darker rim at sides. Nares moderately 
spaced, about equidistant between eyes and snout 
and open anterodorsally. Spiracle visible from 
above, outer edge of opening flares laterally and 
inner edge is unattached to body; opens posteriorly 
or posterodorsally on horizontal body axis, 
posterior to midpoint of body. Vent tube dextral, 
inferior corner of opening just above edge of 
ventral fin in life (may shrink further in preserved 
specimens). 

Tail: Fins shallow to moderate and similar in shape. 
Dorsal fin begins near end of body, arches slightly to 
near midpoint of tail and tapers evenly to narrowly 
rounded tip. Ventral fin slightly less arched. Muscle 
moderate and tapers to a narrow point. 

At stage 26, hatchlings mostly had melanophore 
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flecks and a few gold flecks over dorsal fin, 
a few melanophores near end of ventral fin, 
and melanophore stippling all over muscle. 
Melanophore flecks gradually increased over dorsal 
fin from stage 27 onwards and by stage 36, most 
had pigmented venation and numerous dendritic 
melanophores over the dorsal fin while the ventral 
fin remained clear with very little pigmentation. 
By stage 37, the tail muscle was mostly brown with 
gold patches dorsally and some scattered gold 
clusters laterally. 

Pigmentation: Dorsum dark brown macro- 
scopically (layer of fine gold iridophores over black 
beneath) at stages 27 and 28, sides of body with 
copper clusters over black at stage 27 that gradually 
increased in area to cover entire sides by stage 30 
in most tadpoles. Clearer body wall was visible 
around head and sides in dorsal view, with a few 
small melanophore flecks. By stage 34, a continuous 
dark dorsolateral stripe was usually present from 
naris to eye then behind each eye, with a thin dark 
border around brain region and behind gill regions 
in some tadpoles. Nares were surrounded by gold, 
and tadpoles of some clutches had a weakly defined 
dull gold middorsal stripe. The black dorsal layer 
beneath was gradually obscured during later stages 
as fine iridophores increased over most of body 
wall, and the gold middorsal stripe became less 
apparent. 

By stage 37, some tadpoles had scattered diffuse 
darker spots over dorsum. Venter was dark 
over abdomen from stage 26 with a few gold 
flecks, anterior half transparent. During stages 
27-30, copper clusters became larger over abdomen 
ventrally until, in many, they almost covered 
the abdomen by stage 33, with a few dark gaps 
between. A dark layer with fine gold iridophores 
above covered each side of gill region ventrally. 

Oral disc (Figure 4C): Oral disc ventral, not 
emarginate, mean width 2.4 mm (2.1-2.6) mm. No 
papillae around anterior margin, posterior medial 
gap in mostly single row of marginal papillae, 
occasionally two rows on posterior corners of lower 
labium. Some have a few submarginal papillae 
anteriorly. Two upper and three lower tooth rows; 
A 2 with a distinct or narrow medial gap, P 1 with or 
without a narrow medial gap - tadpoles from the 
same clutch appear to be the same in this respect 
(gap or no gap). P 3 is the shortest row, usually 
slightly less than one-third the width of the disc 
and about the same width as the posterior medial 
gap in papillae. Jaw sheaths slender; upper jaw 
sheath broadly arched. LTRF = 2(2)/3(l) or 2(2)/3. 

Larval duration and metamorphosis 

Tadpoles from eggs laid on 1 May 2008 
metamorphosed from 28 September to 11 October 
2008, giving a larval duration from eggs to 
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metamorphosis in captivity of 150-163 days. 
Metamorphosis occurs in spring from late 
September to early November (this study; Littlejohn 
and Martin 1964), after autumn hatchlings have 
over-wintered. Eighteen metamorphs from Garvoc 
at stages 45 and 46 had a mean body length of 9.3 
(8.4-10.1) mm. They resembled the adult and were 
brown or yellow-brown with a darker bifurcated 
dorsal patch that bridged the eyes before dividing 
posteriorly on either side of the vertebral region 
(Figure 8H). Many had a row of small pale tubercles 
down the middle of each side of this patch, and 
some had a coppery tinge over the dorsum. The 
venter was dark grey finely suffused with white. 

Geocrinia victoriana 

E ggs 

The ovum is pigmented; animal pole dark brown, 
vegetal pole white. Embryos at Carlisle River were 
found on 30 April 2008, attached to dead matted 
reed stems and hidden beneath overhanging reed 
clumps on a sloping bank about 20 cm from the 
edge of a permanent dam (Figure 3A). Both clutches 
at stages 17 and 23 were found within the same nest 
site near a calling male. Non-hydrated capsules are 
smaller (Figure 3B), and expand when hydrated. 
The jelly capsule is comprised of two main layers 
of approximately equal thickness surrounded by 
a thin adhesive outer membrane that adheres each 
capsule to adjacent ones and to substrate material. 
In one clutch from Carlisle River, three 'twin 7 pairs 
from the same clutch were observed, in which a 
single outer membrane enclosed the entire jelly 
layers of two adjoining embryos (Figure 3F). The 
first jelly layer just beneath the outer membrane 
expands readily in water; the inner layer is difficult 
to detect visually in live embryos without staining. 

Hatchlings 

The first tadpoles to hatch from one clutch did 
so at stage 26, 24 h after initial immersion in water 
(27 days after the eggs were laid) and the final two 
tadpoles (also at stage 26) hatched 22 and 27 days 
after immersion (48 and 53 days after the eggs were 
laid). Some hatchlings were larger and at stage 27. A 
second clutch began hatching at stage 23 after first 
partial immersion in water one day after collection, 
then hatching was staggered thereafter over 14 days. 
Hatchlings were generally larger than those of G. 
laevis (Table 4), but otherwise similar (Figure 6M). 

Tadpoles (Figure 8, Table 5) 

Tadpoles are essentially similar to those of G. 
laevis and G. leai, but can be distinguished from 
G. laevis by the form of the vent tube in life. In G. 
victoriana it is shorter, broader and opens higher up 
the ventral fin than in G. laevis or G. leai tadpoles. 


This character may be less reliable in preserved 
specimens, in which the vent tube may shrink 
slightly, but only in G. laevis is the inferior corner of 
the opening normally attached as low as just above 
the edge of the ventral fin. 

Oral Disc (Figure 4B-D, Tables 6, 7): G. victoriana 
had a mean oral disc width of 3.0 mm and G. laevis 
and G. leai had a mean oral disc width of 2.4 mm. 
Other differences in the oral disc among the three 
species of the G. laevis group include: 

• oral disc slightly emarginate (G. victoriana and 
G. leai); not emarginate (G. laevis) 

• width of posterior gap in papillae greatest in G. 
leai: mean ratio of width of posterior medial gap 
in papillae to width of oral disc (PG/ODW) in 
species order from greatest to smallest: southern 
coastal G. leai (0.49), northern G. leai (0.38); G. 
victoriana (0.31), G. laevis (0.29) 

• P 3 tooth row longest in G. leai: mean ratio of 
length of P 3 tooth row to oral disc width (P 3 / 
ODW) in order of species from longest to 
shortest: southern coastal G. leai (0.7), northern 
G. leai (0.6); G. victoriana (0.43) and G. laevis (0.38) 

• mostly two rows posterior papillae and 1-2 
anteriorly (G. victoriana; Figure 4D); mostly one 
row posterior papillae (northern G. leai) with no 
submarginal papillae (occasional specimen with 
one row posterior submarginal papillae on lower 
labium only), southern coastal G. leai with 2-3 
rows posterior papillae and two rows on anterior 
labium (Figure 4B); mostly single row of papillae 
around disc, occasionally a few submarginal 
papillae on posterior corners (G. laevis). 

Larval duration and metamorphosis 

Tadpoles from embryos at stage 17 on 30 April 
2008 metamorphosed from 26 September 2008 
to mid October. Adding about four days for 
development from fertilisation to stage 17 (similar 
to G. laevis ), the larval life span for this clutch 
in captivity ranged from about 150-178 days. 
Metamorphosis occurs in spring (Littlejohn and 
Martin 1974; this study), after autumn hatchlings 
have overwintered. Eleven metamorphs from 
Carlisle River at stages 45 and 46 had a mean 
body length of 10.2 (9.7-11.1) mm. They resembled 
the adult and were mostly brown with a darker 
brown bifurcated dorsal patch which bridged the 
eyes before dividing posteriorly on either side 
of the vertebral region. There were numerous 
minute white tubercles scattered all over the dorsal 
surfaces and dark bands across the limbs (Figure 
8G). Many had a row of small pale tubercles down 
the middle of each side of this patch, and some had 
a coppery tinge over the dorsum. The venter was 
mostly dark grey suffused with white. 


Table 5 Measurements (in mm) of Geocrinia leai, G. victoriana and G. laevis tadpoles from post hatching stage 27 to stage 46 (Gosner 1960). St = stage; N = no. of specimens; 
= total length; BL = body length. 
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Figure 9 Sample preserved stages of the embryonic development of Geocrinia rosea group: G. vitellina (A), G. rosea (B- 
F). Scale bar represents 1 mm. A = stage 18, lateral view; B = stage 19, arrow indicates initial hind limb bud 
bulge; C = anterior view of head, stage 19 showing stomodaeal pit, arrow indicates adhesive glands at full 
development; D = stage 20, lateral view, arrow indicates hind limb bud; E = stage 22 ventral view, arrow indi¬ 
cates remnant adhesive glands beneath arc-shaped mouth slit; F = hatched tadpole at stage 24, lateral, arrow 
indicates vent tube. Note increase in melanophores and length of tail. 


Geocrinia rosea group (Figures 9-12) 

Development of all four members of the G. rosea 
group is entirely terrestrial. During development 
tadpoles are nourished by yolk stored in the gut and 
although they never feed, they have small vestigial 
mouthparts. As larval development for all four 
species within the G. rosea group is very similar, 
a generalised composite description is given here. 
Minor differences between tadpoles of each species 
are noted. Refer to Appendix 1 for descriptions 
of developmental stages as defined in this study. 
Specific details of early development where known 
for each species are provided in the reviews of 
breeding biology section above. 

Embryonic development 

Early development from stages 7-19 followed 
Gosner (1960). A composite description of 


development for all four species from stage 18 to 
metamorphosis is provided here, with reference to 
stages used in Appendix 1. 

Hatchlings 

Hatching occurred during stages 22-24 when hind 
limb buds were equivalent to about Gosner stages 
28-30. When hatched, the embryo straightened out 
and could move around within the now liquefied 
jelly medium (Figure 11F). 

The body of hatchlings was very small and pear- 
shaped in dorsal view with a short narrow head, 
large yolk-filled abdomen, no spiracle or external 
gills and a small mouth opening (Figure 9E,F). 
Embryos were pale grey or grey-brown with a 
lighter yolk (Figure 11F). The eyes were black with 
a few fine iridophores. The vent tube opening 
was just visible on the edge of the ventral fin and 
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Figure 10 Preserved tadpoles and oral discs of the Geocrinia rosea group. Scale bar represents 1 mm. See Appendix 1 for 
stages. A = G. alba stage 31; B = G. lutea stage 31; C = G. rosea stage 31, arrow indicates spiracle; D = G. vitellina 
stage 30; E-H = oral discs of G. alba (arrow indicates papillae), G. lutea , G. rosea (arrow indicates lower jaw) 
and G. vitellina ; I = head outline of G. vitellina in ventral view showing size of oral disc relative to head width. 
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Table 6 Ratio comparisons of oral disc features for the G. laevis group. Stages after Gosner (I960), N = sample size, 
PG/ODW = ratio medial gap in posterior papillae (PG) to oral disc width (ODW); P 3 /ODW = ratio third 
(lowest) posterior tooth row (P 3 ) to oral disc width. Mean with range in parenthesis. Comparisons of northern 
and southern coastal population samples are given for G. leai. 


Species 

Stages 

N 

PG/ODW 

P 3 /ODW 

G. laevis 

31-39 

15 

0.29 (0.20-0.35) 

0.38 (0.27-0.49) 

G. victoriana 

30-39 

13 

0.31 (0.22-0.41) 

0.43 (0.34-0.49) 

G. leai (north) 

35-38 

6 

0.38 (0.33-0.44) 

0.60 (0.59-0.66) 

G. leai (south) 

32-38 

6 

0.49 (0.44-0.57) 

0.70 (0.62-0.75) 


Table 7 Sample measurements (mm). Stages are those of Gosner (1960), N = number, ODW = oral disc width, P 3 row 
= third posterior tooth row. Post. Gap = medial gap in posterior papillae. Mean with range in parenthesis. 
Comparisons of northern and southern coastal population samples are given for G. leai. 


Species 

Stages 

N 

ODW 

P 3 row 

Post. Gap 

G. laevis 

30-38 

15 

2.4 (1.85-2.62) 

0.8 (0.57-1.02) 

0.7 (0.57-0.82) 

G. victoriana 

30-38 

13 

3.0 (2.57-3.28) 

1.4 (1.1-1.6) 

0.9 (0.65-1.14) 

G. leai (north) 

35-38 

6 

2.3 (2.21-2.46) 

1.4 (1.31-1.47) 

0.9 (0.82-1.06) 

G. leai (south) 

32-38 

6 

2.4 (2.13-2.70) 

1.6 (1.47-1.96) 

1.07 (0.98-1.55) 


deflected slightly to the right. Adhesive glands were 
barely visible (Figure 9E). Forelimb buds developed 
internally. Five hatchlings of G. rosea at stages 22-24 
had a mean total length of 12.4 (10.5-12.9) mm, with 
a mean body length of 4.2 (3.7-4.3) mm. 

Live hatchlings of G. alba and G. lutea were not 
observed, but are likely to be similar to others of 
this group, based on recently hatched tadpoles 
collected at stage 24. Embryos of G. lutea at stage 
20 prior to hatching were pale brown with a 
cream yolk sac (Figure HE), small hind limb buds 
and showed the first signs of vitelline and tail 
fin circulation. The jelly capsules were greatly 
expanded. 

Tadpoles 

A composite description of tadpoles of G. rosea , 
G. lutea, G. alba and G. vitellina is provided here 
and Appendix 3 shows how developmental stages 
differ from Gosner and from the G. laevis group. 
Measurements of available material are provided in 
Table 8. 

Body: On hatching at stages 23-24, the head was 
noticeably narrower than the yolk in dorsal view, 
but gradually broadened until it was almost as 
wide as the body by stage 29, when tadpoles were 


very slightly wider than deep across the abdomen. 
At stage 29, the snout was broadly rounded in 
dorsal and lateral views; eyes lateral, iris stippled 
with copper-gold, copper ring around pupil; nares 
widely spaced, open anteriorly right on edge of 
snout, diameter almost 0.2 mm. 

The spiracle appeared vestigial and was directed 
dorsoposteriorly or posterodorsally with an 
indistinct opening just below the horizontal body 
axis posterior to the midpoint of the body. The 
spiracle was very small (0.1-0.4 mm long) and 
much reduced or undetectable in G. rosea (Figure 
10C), but a little more defined in the other three 
species, especially G. alba and G. vitellina (Figure 
10A-D). First visible from stage 27, it became a very 
small, narrow tube by about stage 28, reached full 
size during stages 30-31 and closed by about stages 
33-34. 

The vent tube initially formed as a deep groove 
within a bulge beneath the tail bud during stages 
18-19; by stages 23-24 it became a narrow, mainly 
medial tube with a minute opening that extended 
slightly below ventral fin edge or deflected very 
slightly to the right of fin edge. By stage 29 it 
opened dextrally just inside edge of fin in most 
tadpoles and by stage 31 it opened from partway to 
midway up right side of fin. Hind limbs developed 

















Table 8 Measurements (mm) for the Geocrinia rosea complex. St = stages as presented in Appendix 1 (Gosner 1960 hind limb stage equivalent shown for each stage in paren¬ 
thesis); N = number; TL = total length; BL = body length. Mean with range in parenthesis. 


A comparative study of Geocrinia development 


421 


CO CO, CO 


r% oo 
rc K- 


CO <N <N 


^ CO 

id 


LO CO 


(N (N (N (N 


CO CO CO CO CO CO 


39 (45) 1 6.1 6 5.5 (5.6-5.6) 7 5.5 (5.3-5.6) 3 6.1 (5.9-6.2) 

40 (46) 3 6.2 (5.9-6.4) 4 5.8 (5.6-6.1) 2 6.3,6.4 





422 


M. Anstis 




Figure 11 Sample of preserved stages of embryonic and larval development of live Geocrinia rosea group from stages 
17-30 (see Appendix 1). Scale bar represents 1 mm. A = two nests of G. lutea tadpoles (stage 25) in sphagnum 
moss; B = nest of G. rosea in peaty sand; C = G. vitellina embryo stage 17 dorsal view, arrow indicates vitelline 
membrane, note large yolk (photo N. Mitchell); D = G. vitellina stage 18 lateral view; E = G. lutea about stages 
20-21 in large jelly capsules prior to hatching in nest (photo M. Dziminski); F = G. rosea hatched tadpoles at 
stage 22 in liquefied jelly within nest; G = G. lutea stage 27, dorsal and lateral views, arrow indicates major 
blood vessel beneath tail muscle, note blue specks on dorsum; H = G. lutea stage 25 in nest; I = G. rosea stage 
31 in nest. 
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Figure 12 Selections of live tadpoles and metamorphs of the Geocrinia rosea group. Scale bar = 1 mm. ECD = endolym¬ 
phatic calcium deposits. Stages as in Appendix 1. A = G. alba stage 30 lateral view; B = G. lutea stage 31 lateral 
view; C = G. vitellina stage 30 dorsal view, arrow indicates ECD; D = G. lutea stage 31 ventral view, arrow 
indicates thick loops in yolk-filled gut; E = G. vitellina stage 40; F = G. lutea stage 39; G = G. rosea stage 40, note 
fine pale blue tubercles; H = G. vitellina 3 weeks after metamorphosis showing yellow dorsal colour. 
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externally through stages that were similar to those 
of Gosner stage 26-41 (Appendix 1) and forelimbs 
developed internally, as in aquatic tadpoles. 

Tail: Fins shallow or slightly more arched, 
especially in G. alba and G. vitellina. Dorsal fin begins 
just onto body, arches slightly and tapers gradually 
towards narrowly rounded tip, which may curve 
up slightly. Ventral fin less arched, of similar depth 
along length before tapering posteriorly. Muscle 
moderate, tapers to narrow point. 

Pigmentation: While some subtle differences in 
pigmentation among species were observed during 
larval development (noted separately below), all 
four species have the following common features: 
dorsum and sides of body of tadpoles at stages 28- 
29 mostly brown or grey-brown (lighter translucent 
brown or patchy in some). Fine, iridescent silver- 
blue specks first visible over dorsum from stages 
22-23, and more distinct blue spots gradually 
developed laterally over body and tail, becoming 
more defined and prominent during stages 26-31, 
especially so in G. alba and G. vitellina. Venter dusky 
brown or more translucent, transparent window 
below mouth; silver-blue spots around each side, 
scattered over entire venter by stage 33. 

Entire tail increasingly covered with prominent, 
distinct iridescent blue spots during stages 24-32 
(Figure 12A,B). Numerous melanophore flecks 
gradually developed over dorsal fin and muscle 
by stage 30. Muscle usually darker dorsally, and 
light golden or grey-brown laterally, with variable 
density of melanophore flecks. Many larvae 
developed diffuse patches of melanophores over 
sides of abdomen before becoming fully pigmented 
by about stage 32. Larvae in some clutches were 
less heavily pigmented dorsally over the yolk until 
about stage 32. G. alba and G. vitellina tended to have 
more prominent blue specks over body and tail. 
Endolymphatic calcium deposits were first visible 
at stage 24 as a small white patch on each side of 
head, extending into a white V-shape behind brain 
by stage 27. 

Oral Disc : Similar in all, with some slight 
individual differences in papillae (Figure 10E-H). 
Disc very small, ventral and vestigial. No papillae 
around anterior margin. A few small, irregular 
papillae around sides and/or posterior margin, 
barely evident in some. No tooth rows or tooth row 
ridges. Small, non-keratinised jaw ridges, upper 
mostly hidden, but gradually becomes more visible 
anteriorly by stage 37 (Figure 13A). Mouth opening 
widens from stage 31. Development of the jaws 
and flexible conical projection at the point of the 
mentomeckelian cartilage is shown in Figure 13. 

Larval duration and metamorphosis 

Froglets of all four species began to climb to 
the top of the nest as the tail was resorbing, but 


readily returned into remnant jelly in the nest basin 
if disturbed. Metamorphs of all species have the 
following pigmentation in common: dorsum beige, 
grey-brown or yellow-beige with a dark brown 
bifurcated patch and numerous minute pale blue 
tubercles over the entire body (Figure 12E-G). Belly 
dark brown with silver specks. For each species, 
metamorphosis is known to occur as follows: 

G. rosea - From November to December (late 
spring to summer). Tadpoles at stage 23 on 
10 October began to metamorphose from 21 
November after 42 days, so the total larval duration 
for these embryos from egg to metamorphosis is 
likely to have been at least 60 days (less for clutches 
laid in warmer temperatures later in spring). Five 
metamorphs ranged from 5.6-6.2 (mean 5.7) mm. 

G. alba - From October to early December. Four 
metamorphs ranged from 5.9-6.4 (mean 6.2) mm. 

G. lutea - From November to December (late 
spring to summer). Tadpoles at stage 31 on 22 
October began to metamorphose on 26 November 
after 35 days. The total larval duration for this 
species is likely to be at least 46 days (longer for 
clutches laid in cooler temperatures of early spring). 
Seven metamorphs ranged from 5.5-5.6 (mean 5.6) 
mm. 

G. vitellina - From October and November 
(Driscoll 1997; Conroy 2001). Four metamorphs 
from one clutch ranged from 5.9-6.3 (mean 6.1) mm. 
A few weeks after metamorphosis, juveniles can 
become quite yellow (Figure 12H). 

DISCUSSION 

This study has documented embryonic and 
larval development for all species of Geocrinia and 
enables a comparison between the two divergent 
terrestrial/exotrophic and endotrophic breeding 
modes within the genus. Additional comparisons 
are made here between the developmental breeding 
modes of Geocrinia and those of other Australian 
frogs with similar breeding modes, concluding 
with a discussion on evolutionary trends. 

Comparisons between the two species-groups 

The two species-groups of Geocrinia are 
highly divergent in their embryonic and larval 
development and are adapted to different life 
histories, as summarized below 

Exotrophic species: Geocrinia laevis group 

1. Terrestrial development 

The terrestrial/exotrophic larvae can remain on 
land during less favourable times for up to four 
months during the winter (Martin and Cooper 
1972), which is more than half the total period 
of their larval development. Some features of 


A comparative study of Geocrinia development 

development that are suited to their initial terrestrial 
development within the egg are noted below. 

Larger yolk volume in amphibians corroborates 
with a longer time taken for development from 
ovum to hatching stage (Bradford 1990). The 
mean ovum diameter of the three species of the 
G. laevis group (2.0 mm, range 1.5-3.1 mm) is 
smaller than that of the G. rosea group (2.9 mm, 
range 2.4-3.5 mm), but larger than the diameter 
of most Australian aquatic developing ova which 
most commonly range from 1.0-1.6 mm and 
hatch in a period of 2-8 days (Anstis 2002; Anstis 
unpublished). Although members of the G. laevis 
group eventually hatch as aquatic larvae, adequate 
yolk supplies are necessary for sustenance over 
what may be an even longer non-feeding terrestrial 
period than for the G. rosea group. This may also 
indicate that the composition of the yolk may be of 
a greater density than would be required in ova of 
aquatic developers which hatch much more quickly 
(Bradford 1990; Thibaudeau and Altig 1999). Clutch 
sizes of 52-183 are consistently larger for the G. 
laevis group than for the G. rosea group (1-32 eggs 
per clutch). 

Oxygen requirements in the terrestrial phase of 
development for globular egg masses which lack 
air spaces between eggs must be met by diffusion 
(Mitchell and Seymour 2003). A possible adaptation 
of the egg clutches of the G. laevis group to 
terrestrial development may include the form of the 
clutch, as eggs are normally stretched out in long, 
narrow 'ropes' only about 2 or 3 eggs across (Figure 
6A), which would enhance diffusion of gases. In 
addition, the jelly capsules of non-hydrated fresh 
eggs are very thin and close to the ovum (Figure 
6C), further facilitating gas diffusion. When the 
jelly capsules hydrate in moist situations and 
become turgid (Figure 3C), respiratory competition 
between embryos may be reduced (Seymour 1999). 
As the vitelline membrane gradually expands 
during embryonic growth and movement after 
stages 18-19 and the jelly layers decrease in 
thickness (Figure 61), the effective surface area and 
oxygen uptake through the capsule would likely 
increase in line with greater oxygen demands of 
the embryo (as shown for the terrestrial eggs of 
Pseudophryne bibronii ; Seymour and Bradford 1987). 

During drier periods, the vitelline membrane and 
jelly layers shrink and tightly confine the growing 
embryo (e.g. to stage 26 in G. laevis, Figure 6J), 
and movement is restricted. This restriction may 
stabilize or reduce rates of metabolism of embryos 
during periods of suspended development, when 
a relatively low metabolic rate would be necessary 
if the embryo is to survive (Bradford and Seymour 
1985). 

Adhesive glands were prominent from stage 18 
and long-lasting, persisting during stage 26 (Figure 
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31) when most tadpoles first enter the aquatic phase. 

Earlier hatchlings of the G. laevis group may have 
an advantage over very late hatchlings because they 
have more yolk remaining in the gut. The few latest 
hatchlings in which development was arrested for 
9-10 weeks after oviposition had almost no yolk, 
lacked vigour when hatched and either did not 
survive early aquatic life or developed much more 
slowly than earlier hatchlings from the same clutch. 

Tadpoles do not begin to develop hind limbs until 
Gosner stage 23 at the earliest, and not before stage 

25 or 26 in most individuals. Limb development 
does not normally proceed further than stages 
26-27 and can be suspended at these stages prior to 
hatching, contrasting with suspended hatching in 
the terrestrial/exotrophic species of Pseudophryne, 
in which limb buds can develop as far as stage 36 
prior to hatching (Thumm and Mahony 2002 for P. 
australis). 

2. Aquatic development 

Newly hatched tadpoles of G. victoriana are 
slightly larger than those of G. laevis, also 
reported by Gollmann and Gollmann (1994), and 
similarly slightly larger than G. leai. Hatched 
tadpoles of G. victoriana showed reductions in dry 
mass, total length, tail fin length and fin height 
when reared out of water, compared with those 
reared in hydrated situations which grew larger 
Andrewartha et al. (2008). The few embryos of 
the G. laevis group that hatched later than all 
others in the present study showed less foraging 
vigour, developed more slowly post-hatching, 
and metamorphosed last, supporting the possible 
fitness benefits of earlier (and larger) hatchlings as 
suggested by the above authors. 

During their aquatic period, the G. laevis group 
tadpoles feed and grow much larger than larvae 
of the G. rosea group (Tables 5, 8) and during 
stage 26 have feeding mouthparts, a long coiled 
gut for digestion (e.g. early stage 26, Figure 6L), a 
well developed, fully functional spiracle and vent 
tube and other features typical of lentic, benthic 
aquatic tadpoles (Altig and Johnston 1989). Slight 
differences in the vent tube of the aquatic tadpoles 
are noted here between G. laevis and G. victoriana, 
while that of G. leai is more similar in shape, size 
and direction to G. laevis. 

Limb development proceeds slowly during cooler 
winter periods (June to August) after hatching, and 
some tadpoles can double their size between stages 

26 and 29 (e.g. G. laevis, Table 5). 

Of the three species in the G. laevis group, the 
oral disc is widest in G. victoriana (Table 7). In a 
comparative study of G. victoriana and G. laevis 
tadpoles, Gollmann and Gollmann (1995) found a 
similar result (mean width of the oral disc for G. 
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Figure 13 Oral development (stained) in later stages of Geocrinia rosea larvae (stages as in Appendix 1). A = stage 31, 
arrows indicate upper jaw (1), lower jaw and lower lip over jaw (2); B = stage 36, arrows indicate lower lip 
over jaw (1), upper lip with medial notch beneath (2) and upper jaw (3); C = stage 39, arrows indicate conical 
projection at point of mentomeckelian cartilage (1), corresponding notch in upper jaw (2), formation of hard 
palate behind upper jaw (3); D = stage 40, arrow indicates choanae (4). 


victoriana 2.13 mm, and 1.94 mm for G. laevis). The 
width of the posterior medial gap and the length 
of the P 3 tooth row however, are significantly wider 
in G. leai than both the eastern species (Table 7). 
The presence or absence of a medial gap in tooth 
row P 1 may be a genetic polymorphism, as in the 
three clutches of G. laevis studied, the gap was 
not present in all tadpoles examined from two 
clutches but present in all tadpoles of a third clutch. 
The presence of this gap was found to be equally 
common in G. laevis and G. victoriana (Gollmann 
and Gollmann 1995). 

Although there are no conspicuous morphological 
differences between the adults of G. leai across 
its known range (Edwards 2007), preliminary 
observations indicate differences in the mouthparts 
of tadpoles between the northern and southern 
coastal populations. Specimens from the southern 
coastal populations have more submarginal 
papillae (northern ones have none or only a few). 


a wider medial gap in the posterior papillae and 
a longer P 3 tooth row relative to the width of the 
oral disc than northern tadpoles (Table 7). Larger 
samples of tadpoles from all three lineages of 
Edwards (2007) need to be measured to determine 
the consistency of these observations. 

Features of the oral disc of tadpoles of the three 
species in this group are quite similar and appear 
to reflect homology. Compared to the southeastern 
Australian species, southern coastal populations 
of G. leai in Western Australia are more like G. 
victoriana in the configuration of oral papillae, and 
northern G. leai are more like G. laevis. All samples 
of G. leai and G. victoriana have an emarginate oral 
disc, while G. laevis does not. 

Endotrophic species: Geocrinia rosea group 

The endotrophic species do not feed and can 
survive on yolk supplies for over three months. 
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Terrestrial development has resulted in the 
following modifications away from the typical 
morphology of exotrophic aquatic larvae. 

The egg is macrolecithal (Main 1957) and clutch 
sizes are small (1-32), typical of endotrophic species 
(Thibaudeau and Altig 1999). The development 
of the gut is much slower in the G. rosea group 
than in the G. laevis group, and does not start to 
differentiate until stage 27, when the hind limb 
bud is at Gosner stage 33. Although the gut of the 
tadpole gradually forms into a thick, yolk-filled 
spiral (Figure 12D), it never develops into the long, 
thin multi-coiled spiral of aquatic tadpoles that 
actively feed. 

The large jelly capsule (diameter to about 1 
cm) is a likely adaptation to entirely terrestrial 
development because its greater volume when 
liquefied at the time of hatching provides a 
suitable, lasting medium for an extended period 
of terrestrial larval development in the nest. The 
very thick jelly layer surrounding pre-hatched 
embryos would not impede oxygen diffusion if the 
perivitelline space is large enough (Seymour 1999), 
and as the embryo grows and extends the tail, the 
vitelline membrane expands. 

Hind limb buds develop precociously, unlike 
the much later limb development in the exotrophic 
species. Earlier limb development may slightly 
hinder swimming speed and maneuverability in 
the exotrophic species, but would not be a problem 
for the non-swimming terrestrial species confined 
to the small space in the nest. 

Tadpoles have non-keratinised, non-feeding 
mouthparts which are very small and apparently 
vestigial, showing minimal development other 
than non-keratinised jaw sheaths, labia and a few 
diminutive papillae in most individuals (Figure 
10E-I;13A). 

The spiracle is generally reduced in diameter and 
seems vestigial. Geocrinia vitellina and G. alba appear 
to have a slightly longer, more defined spiracle, 
while that of G. lutea and especially G. rosea is 
smaller (Figure 10B,C). In some G. rosea tadpoles a 
spiracle could not be found at developmental stages 
when it was present in others. The spiracle develops 
later (from stage 27 = Gosner limb bud stage 34), 
atrophies sooner than in aquatic tadpoles and is 
absent by stage 34 (Gosner stage 40). 

The adhesive glands are much reduced (Figure 
9E), and the poorly defined vent tube appears 
vestigial and is narrow with a minute dextral 
aperture. 

The development of the conical projection at 
the point of the mentomeckelian cartilage and 
the corresponding notch in the centre of the 
upper jaw (see Figure 13 and Appendix 1) is 
also described in the development of the direct 
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developers Arenophryne rotunda and Myobatrachus 
gouldii (Anstis et al. 2007) and for Metacrinia nichollsi 
(Anstis 2008). Similarly, the development of the 
endolymphatic calcium deposits (also described 
in the above studies) is paralleled in the G. rosea 
group, and is more obvious in endotrophic 
development than in exotrophic development. 

Similarities between tadpoles of the two 
Geocrinia species-groups 

Despite the differences discussed above, there are 
several morphological similarities between tadpoles 
of the two species-groups within Geocrinia. Apart 
from slight exceptions noted below, the eyes of most 
larvae are lateral in life. Gollmann and Gollmann 
(1994) reported some slight geographical variation 
in the eye position of G. victoriana tadpoles, and 
tadpoles of G. leai in the current study also show 
slight variation in eye position between northern 
and southern coastal populations (Figure 5). In 
dorsal view, the body shape of live members of both 
the G. laevis and G. rosea groups is similar (after 
about stage 29 in the latter) and in lateral view, 
the tail shape is generally similar. The vent tube 
is dextral in all species, although it appears to be 
vestigial and non-functional in the G. rosea group. 

Developmental timing 

All species of the G. laevis group breed in autumn 
and larvae overwinter during development in 
southeastern and southwestern Australia. In this 
study, it was not possible to control temperature 
during field work and in transit. However, 
temperature does not affect the sequencing of 
the developmental stages, and Bachmann (1969) 
concluded that the relative timing of all visible 
developmental processes in amphibians is the same 
within the normal temperature range experienced 
during development for any given species. Table 2 
shows that the time taken for tadpoles of G. laevis 
to develop completely keratinised mouthparts from 
the appearance of the first to the last keratinised 
tooth row and fully keratinised jaw sheaths was a 
minimum of 11 days, which is almost half the total 
minimum time taken for tadpoles to develop from 
stage 2 to hatching at stage 26 (Table 2). This is a 
much longer period for this part of development 
than is taken by embryos that develop in water, 
and the greatest period of time elapsed between 
stage 25 (four tooth rows present) and stage 26 (five 
tooth rows, P 3 was the final row). In some species 
of aquatic Crinia embryos, such as C. georgiana 
and Spicospina embryos of southwestern Australia, 
development of mouthparts is slower (Dziminski 
and Anstis 2004; Anstis, unpublished data), but 
never as slow as in exotrophic Geocrinia. Incubation 
time is longer in terrestrial-breeding amphibians 
and appears to be a consequence of selection 
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for hatchlings that are large and emerge at an 
advanced stages of development (Bradford 1990). 

Comparisons between the Geocrinia rosea group 
and other Australian taxa with nidicolous 
development 

In amphibians, the adoption of a terrestrial 
life style is broadly correlated with a trend 
towards direct development (Duellman and Trueb 
1986). Altig and Crother (2006) suggest that the 
multiple occurrences of nidicoly (across many 
independent lineages), represent independent 
truncations of normal development. They further 
assert that nidicolous development proceeds 
by patterns similar to typical (exotrophic) 
larvae. The observations reported here among 
members of the G. rosea group add support to this 
contention because they represent an example 
of an independent occurrence of nidicoly among 
Australian myobatrachids, and although tadpoles 
of this group are diminutive and non-feeding, 
they still retain some similar morphological 
characteristics to their exotrophic relatives in the G. 
laevis group. 

Key features of direct developers include a large 
unpigmented egg, the lack of a free-swimming 
hatched larval stage, no feeding mouthparts, 
no spiracle, a precocial neural tube anatomy, a 
different mode of abdominal wall formation, and 
development to a froglet entirely within the jelly 
layers (Altig and Johnston 1989; Elinson and Fang 
1998; Schlosser 2003; Altig and Crother 2006). 
The characteristics of oral disc and spiracle are 
of particular comparative interest in tadpoles of 
the nidicolous Australian species in relation to a 
possible trend towards direct development. Philoria 
tadpoles have some features of feeding mouthparts 
such as keratinised jaw sheaths, papillae and a 
functional spiracle (de Bavay 1993; Anstis 2002). 
Tadpoles of the G. rosea group diverge from Philoria 
in that they have small non-keratinised jaw sheaths, 
only a few remnant papillae and a small, narrow 
spiracle with a reduced opening. The spiracle 
is even smaller or absent in G. rosea. While the 
specimens of G. rosea showed some variability, 
the spiracle (if present) was more reduced than 
in any other species of this group, which may be 
an indication of a possible further trend towards 
direct development within this group. More 
material of live G. rosea tadpoles from northern and 
southeastern populations needs to be examined to 
determine the characteristics of the spiracle and its 
degree of functionality. 

Crinia is the only myobatrachid genus other than 
Geocrinia that has divergent breeding modes. All 
species are entirely aquatic except for Crinia nimbus. 
Unlike Philoria and the G. rosea group, tadpoles of C. 
nimbus and the exoviviparous Assa have no spiracle 


or oral papillae (Anstis 2002), but otherwise have 
a similar life cycle to those of the G. rosea group 
(Rounsevell et al. 1994; Mitchell and Swain 1996) 
and Philoria (Watson and Martin 1973; Anstis 1981; 
de Bavay 1993). The absence of a spiracle and any 
remnant papillae or mouthparts of the feeding 
tadpole in C. nimbus and Assa are similar to direct 
developers and thus further divergent from Philoria 
and the G. rosea group. 
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Two new species of the genus Pogonus from northern and 
western Australia (Coleoptera: Carabidae) 
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Abstract - Two new species of the genus Pogonus Dejean are described: 
Pogonus dostali from north-western Western Australia north of Great Sandy 
Desert, and Pogonus dichrous from a salt lake in central Western Australia. The 
first species is closely related to P. nigrescens Baehr of northern Queensland, 
the second species probably is next related to P. hypharpagoides Sloane of 
South Australia and Victoria. Both species are inserted in the most recent 
key to the Australian species of the genus Pogonus. Additional records of 
Pogonus nigrescens Baehr from islands off the north coast of Queensland are 
enumerated. This species was so far known only from two localities in north¬ 
eastern Queensland. 

Keywords: taxonomy, morphology, new records, Pogonus 


INTRODUCTION 

Recent collecting throughout Western Australia 
and visits to certain Australian collections revealed 
a new species and new records of another rarely 
collected species of the carabid genus Pogonus 
Dejean, 1821. A single specimen, collected by A. 
Dostal (Vienna) in north-western Australia and sent 
for identification, turned out to represent another 
new species of that genus. Both new species are 
described herein and inserted in the most recent 
key to the genus (Baehr and Hudson 2001). 

The tribe (or subfamily) Pogonini (-inae) in 
Australia presently includes 16 species of which 15 
belong to the genus Pogonus (Baehr and Hudson 
2001). The species occur along the sea shore as well 
as in inland saline habitats, but most species were 
described and recorded from salt lakes in South 
Australia and inland Victoria, whereas vast areas of 
Western Australia so far are devoid of any records 
of pogonine beetles, in spite of the multitude of 
habitats favourable for these halobiontic beetles. 

The scope of the present paper therefore is not 
only the description of additional new species, but 
likewise to draw the attention of collectors to these 
very characteristic group of beetles which in certain 
areas of South Australia turned out to possess quite 
restricted ranges at a single salt lake or a system 
of neighbouring lakes only (Baehr and Hudson 
2001). It is to be expected that endemic pogonine 
species with similarly restricted ranges could exist 
in Western Australia. To confirm this supposition, 
however, systematic sampling efforts with ample 
light collecting, exposition of pitfall traps, but also 


careful digging out specimens from the surfaces 
of salt pans would be needed in the vast salt lake 
regions in southern and central Western Australia. 

METHODS 

For the descriptions standard methods are used. 
The male and female genitalia were removed 
from specimens soaked overnight in a jar under 
wet atmosphere, then cleaned for a short while 
in hot potassium hydroxide (KOH). The habitus 
photographs were obtained by a digital camera 
using ProgRes CapturePro 2.6 and AutoMontage 
and subsequently were worked with Corel Photo 
Paint 11. 

Measurements were taken using a stereo 
microscope with an ocular micrometer. Length 
has been measured from apex of labrum to apex 
of elytra. Lengths, therefore, may slightly differ 
from those recorded by other authors. Length of 
pronotum was measured along midline, width of 
apex between the most advanced parts of the apical 
angles, width of base at the position of the posterior 
lateral setae. 

The specimens are lodged in the following 
institutions: Australian Museum, Sydney 
(AMS); Australian National Insect Collection, 
Canberra (ANIC); working collection M. Baehr in 
Zoologische Staatssammlung, Munchen (CBM); 
Museum Victoria, Melbourne (NMV); Queensland 
Department of Primary Industries, Brisbane 
(QDPIB); Queensland Museum, Brisbane (QM); 
South Australian Museum, Adelaide (SAMA); and 
Western Australian Museum, Perth (WAM). 
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SYTEMATICS 

Family Carabidae Latreille, 1802 

Tribe Pogonini Castelnau, 1834 

Genus Pogonus Dejean, 1821 

Pogonus Dejean, 1821: 9; Csiki 1928: 213; Moore et 
al. 1987: 146; Lorenz 1998: 220; Baehr and Hudson 
2001: 3. 

Type species 

Carabus chalceus Marsham, 1802, by original 
designation. 

Remarks 

In Australia the genus Pogonus presently includes 
15 species (Baehr and Hudson 2001), the majority 
of which occur in inland saline habitats in South 
Australia and northern and western Victoria. From 
Western Australia seven species were recorded so 
far, but three of these only from coastal habitats 
(P. australis Chaudoir, 1878, P. sumlini Baehr, 1999 
and P. variabilis Moore, 1991), one, P. cardiotrachelus 
Chaudoir, 1871, from coastal as well as inland 
habitats, and three exclusively from inland salt 
lakes (P. diplochaetoides Baehr, 1997, P. fenelli Hudson, 
2000 and P. zietzi Sloane, 1895). 

The Australian pogonine fauna is peculiar 
because it includes several species with reduced 
flying wings, which is a very rare condition within 
this group outside of Australia. These flightless 
species are depigmented and usually possess a 
rather oval-shaped habitus which also is very rare 
in pogonines, and they live in deep holes right on 
the surface of dry or but slightly wet salt lakes. As 
they do not come to the light at night, they must 
be searched for on the surface of dry lakes and are 
best collected by digging them out of their holes. 
Inadequate collecting efforts but also the difficulties 



Figure 1 Pogonus nigrescens Baehr, male genitalia: ae- 
deagus, parameres, genital ring. Scale bar = 
0.25 mm. 


in sampling of halobiontic Pogonus species may 
have been responsible for the low number of 
species so far recorded in Western Australia. 

Pogonus nigrescens Baehr, 1984 
Figure 1 

Pogonus nigrescens Baehr, 1984: 169; Moore 1991: 32; 
Lorenz 1998: 221. 

New material examined: 

Australia: Queensland: 7 cJ, 5 $, Horn Island, 
10°37 , S, 142°17 , E, 2-5 December 1986, at light, 
K. Houston and K. Sadler (CBM, QDPIB); 1 $, 
Mornington Island Mission, 3 April 1960. P. Aitken 
and N.B. Tindale (SAMA); 1 Bentinck Island, 
Rokoti. 16 June 1963. P. Aitken, N.B. Tindale. 
(SAMA); 1 5, (unreadable) Termite, 1.1714 (SAMA). 

Partial redescription 

Measurements: length: 6.9-73 mm; width: 2.55- 
2.65 mm. Ratios: Width/length of pronotum: 1.33- 
1.35; width base/apex of pronotum: 0.91-0.95; width 
of pronotum/width of head: 1.32-1.35; length/width 
of elytra: 1.66-1.71; width elytra/pronotum:1.19-1.23. 

Male genitalia (Figure 1): genital ring rather 
regularly triangular as in P. dostali sp. nov. (see 
Figure 2). Aedeagus small, moderately compact, 
laterally depressed, slightly asymmetric, lower 
surface evenly curved, only at the very apex slightly 
more suddenly curved down. Apex fairly elongate, 
pointed down, very obtuse at tip, slightly turned 
to the right side. Internal sac with a small, coiled, 
circular, sclerotized plate near base. Both parameres 
elongate, right paramere narrow, barely shorter 
than left, with three elongate apical setae of which 
the upper one is decidedly shorter than both lower 
ones. Left paramere large, tapering to the short 
apex, with three elongate apical setae. 

Note 

In the description of this species length of 
the holotype was noted as 8.1 mm, but this 
measurement includes the mandibles. When 
measured in a manner comparable to that used in 
present paper, the measured body length would be 
reduced to about 7.3-75 mm. 

Distribution 

Coastal northern Queensland from about 
Townsville in the east to Wellesley Islands in the 
west. 

Remarks 

Most of the newly collected specimens were 
sampled at MV light as was the holotype. 

This species was described from a straggler 
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Figure 2 Pogonus dostali sp. nov., male genitalia: ae- 
deagus, parameres, genital ring. Scale bars = 
0.25 mm. 

rather inland (Baehr 1984), but later was recorded 
from saline flats at the East coast near Townsville 
(Moore 1991). All new records are from islands off 
the north coast of Queensland and they enlarge 
the range of this apparently coastal species almost 
around the whole north-eastern and northern 
coasts of Queensland. Additional collecting efforts 
may reveal the occurrence of this species even more 
westerly in north-eastern Northern Territory 

Pogonus dostali sp. nov. 

Figures 2, 5 

Material examined 

Holotype 

Australia: Western Australia: AU/15 a Broome, 
Roebuck Bay, Crab Creek Road. 17°59'07.5"S, 
122°21 , 54.1"E, 20 m, 25 November 2002, at light, A. 
Dostal (WAM). 

Diagnosis 

Elongate, glossy black species; distinguished 
from the most similar P. nigrescens by longer and 
narrower, more depressed elytra, narrower base 
of the pronotum which is narrower in comparison 
to head and elytra, absence of any traces of 
microreticulation on the dorsal surface, and the less 
curved lower surface of the aedeagus. 

Description 

Measurements: length: 6.45 mm; width: 2.2 mm. 
Ratios: width/length of pronotum: 1.32; width base/ 


apex of pronotum: 0.87; width of pronotum/width 
of head: 1.26; length/width of elytra: 1.77; width 
elytra/pronotum: 1.13. 

Colour (Figure 5): very dark piceous (specimen 
probably rather freshly hatched). Mandibles, 
palpi and antenna dark reddish, except two basal 
antennomeres slightly paler. Legs reddish-piceous, 
knees reddish. Lower surface dark piceous, lateral 
parts of abdomen reddish. 

Head: large and wide, rather depressed, narrower 
than pronotum. Eyes of moderate size, convex, 
laterally well projected, orbits very short, oblique. 
Labrum short and wide, apex very slightly 
emarginate. Mandibles elongate and straight, 
just at apex incurved. Palpi slender, penultimate 
palpomere of labial palpus slightly bowed. 
Submentum quadrisetose, tooth of mentum wide, 
obtusely triangular, mentum bisetose. Lacinia 
with elongate spines. Clypeus and frons rather 
depressed, frontal furrows fairly short, sinuate, 
shallow, attaining about middle of eye. Posterior 
supraorbital seta located well in front of posterior 
margin of eye. Antenna fairly elongate, surpassing 
base of pronotum by about two antennomeres, 
6 th and 7 th antennomeres ca. 2.2 x as long as 
wide, antenna densely pilose from middle of 
3rd antennomere; 1 st antennomere with a single 
additional seta near apex at lower surface. Surface 
without any microreticulation, with sparse, 
extremely fine punctures which are visible only 
under very high magnification, very glossy. 

Pronotum: wide and markedly cordiform, 
much wider than long, widest at anterior third, 
dorsal surface rather depressed. Base considerably 
narrower than apex. Apex straight, but anterior 
angles slightly produced though obtuse. Lateral 
border markedly convex, with a very short 
emargination just in front of basal angles. Marginal 
channel very narrow throughout, border very 
slightly raised. Base in middle straight, laterally 
slightly oblique. Basal angles rectangular, but 
distinctly projected laterad. Apex not margined 
except for the extreme lateral parts, base margined 
except in middle. Median line almost complete, 
fairly deep, anterior transverse sulcus absent, 
posterior transverse sulcus very shallow and 
indistinct. Base laterally with a short, straight basal 
ridge laterally of the rather shallow, longitudinal 
basal groove. Anterior lateral seta situated at 
anterior third at the widest diameter, posterior 
marginal seta arising from basal angle. Base 
coarsely and fairly densely punctate. Disk without 
any microreticulation, with scattered, extremely 
fine punctures which are visible only under very 
high magnification, in middle with a few shallow, 
irregularly transverse strioles, very glossy. 

Elytra (Figure 5): narrow and elongate, almost 
parallel, widest at basal fourth, disk rather 
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Figure 3 Pogonus dichrous sp. nov., male genitalia: ae- 
deagus, parameres, genital ring. Scale bars = 
0.5 mm. 

depressed. Humerus very obtusely angulate. 
Lateral margin straight over most of its distance, 
little narrowed towards humerus, contiguous 
at sutural angle. Marginal channel extremely 
narrow, margin not explanate. All striae complete, 
well impressed, coarsely punctate, only in apical 
fourth impunctate. 8 th stria not bowed away 
from margin. Basal margin angulately curved 
into the elongate scutellary stria mediad of 1 st 
stria. Intervals depressed. 3 rd interval with four 
setiferous punctures, of which the three anterior 
ones are adjacent to the 3rd stria, the apical one 
attached to the 2 nd stria. Left elytron with an 
additional setiferous puncture close to the 3rd 
puncture, but attached to the 2 nd stria. 11-12 
marginal punctures present which are widely 
spaced in middle. Also with 2 setiferous punctures 
at the end of 7 th stria. Scutellary puncture and seta 
present, at base of 1 st stria. Intervals impunctate, 
in basal 4/5 without microreticulation, very 
glossy, only in apical fifth with very superficial, 
isodiametric microreticulation. Metathoracic wings 
fully developed. 

Lower surface: prosternum asetose and whole 
lower surface impilose. Metepisternum rather 
elongate, ca. 1.5 x as long as wide at apex. Whole 
lower surface with fairly distinct, isodiametric 
microreticulation. Terminal sternum in male 
bisetose. 

Legs: moderately elongate, metafemur 
comparatively stout, tibiae well depressed, with 
sparse and weak spines. Tibial spurs moderately 
elongate. Tarsi rather elongate, 1st tarsomere 


of metatarsus almost as long as both following 
tarsomeres. Metatrochanter large, wide, two 
fifth of length of metafemur, apex obtusely 
rounded. Tarsomeres 1-3 of male protarsus slightly 
asymmetrically widened on median side, 1 st 
tarsomere biseriately squamose, 2 nd tarsomere with 
few squamae on median border only. 

Male genitalia (Figure 2): genital ring rather 
regularly triangular, little sclerotized, because the 
holotype apparently was rather freshly hatched. 
Aedeagus small, rather short and compact, laterally 
depressed, slightly asymmetric, lower surface 
in basal 4/5 but gently curved, near apex more 
suddenly curved down. Apex rather short, pointed 
down, very obtuse at tip, slightly turned to the 
right side. Internal sac with a small, coiled, circular, 
sclerotized plate near base. Both parameres 
elongate, right paramere narrow, barely shorter 
than left, with two elongate apical setae. Left 
paramere large, tapering to the short apex, with 
three elongate apical setae. 

Female genitalia: unknown. 

Variation: unknown. 

Distribution 

This species occurs in north-western Western 
Australia, north of Great Sandy Desert, coastal, and 
is known only from Broome, the type locality. 

Remarks 

The holotype was collected at MV light near the 
coast. Nothing else is recorded about collecting 
circumstances or habits. 

The species certainly is most similar to P. 
nigrescens from eastern and northern Queensland 
and may constitute its western counterpart. 

Etymology 

The name is a patronym in honour of the collector 
of this species, my friend Alexander Dostal, Vienna. 

Pogonus dichrous sp. nov. 

Figures 3,4, 6 

Material examined 

Holotype 

Australia: Western Australia: 8, Australia, 
WA06/100, Lake Annean, 40 km S of Meekatharra 
26.89383°S, 118.27881°E, 425 m, 24 February 2006, M. 
Baehr (WAM). 

Paratypes 

Australia: Western Australia: 33 8, 16 $, same 
data (1 8 , 1 ?, AMS; 1 8 , 1 9 , ANIC; 27 8 , 10 9 
(partly damaged) CBM; 1 8 , 1 9 , NMV; 1 8 , 1 °, 
QM; 1 8 , 1 9 , SAMA; 1 8 , 1 9 , WAM). 
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Diagnosis 

Medium sized, compact, bicoloured 
species, distinguished from the most similar 
P. hypharpagoides Sloane by dark fore body, 
bicolourous elytra, shorter, wider, and dorsally 
more convex elytra, and more distinct apical angles 
of the pronotum. 

Description 

Measurements: length: 6.7-8.9 mm; width: 
2.6-3.55 mm. Ratios: width/length of pronotum: 
1.09-1.17; width base/apex of pronotum: 1.11-1.16; 
width of pronotum/width of head: 1.32-1.37; 
length/width of elytra: 1.55-1.63; width elytra/ 
pronotum:1.36-1.44. 

Colour (Figure 6): head, pronotum and medio¬ 
basal part of the elytra metallic dark brownish 
to black, in some specimens with faint greenish 
lustre; rest of elytra reddish, towards apex paler; 
palpi, antenna, and legs dirty yellow to pale 
reddish. Lower surface of head and thorax brown 
to blackish, abdomen posteriad changing to pale 
reddish. 

Head: large and wide, fairly convex, markedly 
narrower than pronotum. Eyes rather small, 
moderately convex, laterally not much projected, 
posteriorly slightly enclosed by the orbits. Labrum 
short and wide, apex gently emarginate. Mandibles 
rather elongate, apex fairly incurved. Palpi of 
moderate size, penultimate palpomere of labial 
palpus fairly slender, slightly bowed. Submentum 
quadrisetose, tooth of mentum wide, distinctly 
cleft, bidentate. Lacinia with elongate spines. 
Clypeus and frons in middle convex, frontal 
furrows irregular, sinuate, shallow, posteriorly 
ending in an irregularly shaped impression. 
Impressions at bottom with fine, irregular wrinkles. 
Antenna short, just reaching the base of the 
pronotum, median antennomeres ca. 1.5 x as 
long as wide, rather sparsely pilose from middle 
of 3 rd antennomere, more densely pilose from 
middle of 4 th antennomere; 1 st antennomere with 
2-3 additional setae near apex at lower surface. 
Surface with moderately distinct, in middle 
more superficial, approximately isodiametric 
microreticulation, with some wrinkles and 
transverse lines, moderately glossy. 

Pronotum: slightly wider than long, dorsally 
convex, not cordiform, but laterally convex, 
widest about at middle. Base slightly wider than 
apex. Apex almost straight, apical angles very 
slightly produced. Lateral border evenly convex 
throughout, with a very short concavity just in front 
of basal angles. Marginal channel very narrow, 
border barely upturned. Basal angles obtuse but 
laterally very slightly produced, base convex, 
laterally rather oblique. Apex not margined, base 
coarsely margined. Both transverse sulci shallow. 


median line very shallow, attaining base though 
not apex. Basal grooves shallow, longitudinal 
but short. Anterior lateral seta situated slightly 
behind anterior third, in front of widest diameter, 
posterior marginal seta arising from basal angle. 
Disk impunctate, with very fine, in middle very 
superficial, about isodiametric microreticulation, 
with very faint, irregularly transverse strioles, 
glossy. 

Elytra (Figure 6): moderately elongate, wide, 
rather parallel-sided, dorsally remarkably convex, 
widest at middle. Humeri markedly angulate but 
not dentate. Lateral margin straight over most of its 
distance, narrowed towards humeri, contiguous at 
sutural angle. Marginal channel extremely narrow, 
margin not explanate. Inner four striae distinct, but 
apart from inner two striae, beginning at a short 
distance from base. 5 th stria more or less distinct, 
6 th and 7 th striae very weak. All striae ending far 
from apex of elytra, the outer ones being gradually 
shorter. Inner four striae well impressed, more 
or less distinctly punctate. 8 th stria not bowed 
away from margin. Scutellary stria medially of 
1 st stria elongate. 1 st stria curved into 2 nd stria 
which bears at its base the scutellary puncture 
and seta. Inner four or five intervals in basal half 
rather convex. 3 rd interval with three setiferous 
punctures, the anterior and median ones adjacent 
to 3 rd stria, situated about at basal third and at or 
behind middle, the third one in posterior third 
situated in middle of 3 rd interval, setae short. 12-13 
widely spaced, inconspicuous submarginal 
punctures in a more or less uninterrupted row 
attached to 8 th stria. 7 th stria with two setiferous 
punctures at apex. Intervals impunctate, with 
fine, rather superficial, about isodiametric 
microreticulation, surface rather glossy. 
Metathoracic wings fully developed. 

Lower surface: prosternal process on ventral 
and posterior surfaces with several elongate 
setae, mesosternum and metasternum laterally, 
and meso- and metacoxae, with a few elongate 
setae. Metepisternum short, slightly longer than 
wide at apex. Lower surface with very fine, about 
isodiametric microreticulation. Terminal sternum 
in male bisetose, in female quadrisetose. 

Legs: rather short and stout, metafemur 
comparatively stout, tibiae well depressed, with 
dense spines. Tibial spurs moderately elongate. 
Tarsi rather short, 1 st tarsomere of metatarsus 
slightly shorter than both following tarsomeres. 
Metatrochanter in both sexes large, wide, about 
two fifth of length of metafemur, apex obtusely 
rounded. Tarsomeres 1-3 of male protarsus slightly 
asymmetrically widened on median side, 1 st and 2 nd 
tarsomeres uniseriately squamose on median side. 

Male genitalia (Figure 3): genital ring almost 
regularly triangular with very convex base. 
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Figure 4 Pogonus dichrous sp. nov., female gonocoxites. 

Scale bar = 0.2 mm. 

Aedeagus rather large, moderately compact, 
laterally depressed, slightly asymmetric, lower 
surface in middle slightly convex, towards apex 
suddenly curved down. Apex large, pointed down, 
very obtuse at tip, slightly turned to the right side. 
Internal sac without any sclerotized parts, but in 
apical part with a large, triangular, very finely 
denticulate plate. Both parameres elongate, right 
paramere very narrow, barely shorter than left, with 
two elongate and two shorter and thinner apical 
setae. Left paramere large, tapering to the short 
apex, with three elongate apical setae. 

Female genitalia (Figure 4): gonocoxite 1 without 
setae at apex, gonocoxite 2 narrow and elongate, 
slightly curved, with 0-2 small ventro-lateral 
ensiform seta near base, one almost nematiform 
dorso-median seta in middle, and 2 rather elongate 
nematiform setae originating from a groove near 
apex. 

Variation: some variation noted in body size, 
relative length of pronotum and elytra, and depth 
of elytral striae. 

Distribution 

This species is known only from the type locality. 
Lake Annean, south of Meekatharra, in central 
Western Australia. 

Remarks 


All specimens were sampled in pitfall traps at the 
shore of Lake Annean, a salt lake which at the time 
of sampling was largely filled up with water. The 
traps were exposed for about three weeks in moist, 
clayish ground near the water front, in an area with 
rather sparse, low salt vegetation. 

With respect to body shape and surface structure, 
this species is most similar to P. hypharpagoides 
Sloane, recorded from salt lakes in South Australia 
and north-western Victoria. 

Etymology 

The name refers to the bicolourous dorsal surface 
of this species which has black, rarely slightly 
greenish, head, pronotum and medio-basal part 
of the elytra, whereas the rest of the elytra is pale 
reddish. 

Recognition 

For recognition of the two newly described 
species the most recent key to the Australian 
species of the genus Pogonus in Baehr and Hudson 
(2001: 14) is partly revised. 

PARTLY REVISED KEY TO THE AUSTRALIAN 
SPECIES OF THE GENUS POGONUS 

1. Body completely metallic green or black.2 

Body entirely or in parts testaceous.6 

2. Colour shining black; punctures of elytra very 

coarse, microreticulation fine or absent. 
Northern half of Australia.3 

Colour greenish metallic; punctures of elytra 
finer, microreticulation conspicuous. Southern 
half of Australia.4 

3. Larger species, body length > 6.9 mm; base of 

pronotum wider, ratio width of base/apex 
> 0.91, pronotum wider in comparison to 
head, ratio width of pronotum/head > 1.32; 
elytra shorter, wider, and less depressed, ratio 
length/width < 1.71; aedeagus more evenly 
curved on lower surface (Figure 1). North¬ 
eastern and northern Queensland, coastal 
(described from a straggler at some distance 
inland). P. nigrescens Baehr 

Smaller species, body length 6.45 mm; base of 
pronotum narrower, ratio width of base/ 
apex 0.87, pronotum narrower in comparison 
to head, ratio width of pronotum/head 1.26; 
elytra longer, narrower, and more depressed, 
ratio length/width 1.77; aedeagus less curved 
on lower surface (Figure 2). Northwestern 

Western Australia, coastal. 

. P. dostali sp. nov. 
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Figures 5, 6 Habitus. 5, Pogonus dostali sp. nov. (length: 6.45 mm); 6, Pogonus dichrous sp. nov. (length: 8.2 mm). 
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4. 6 th and 7 th striae almost as distinct as median 

striae; metathoracic wings reduced; elytral 
margins ovate. Lake Yindarlgooda, Western 
Australia. P.fennelli Hudson 

6 th and 7 th striae less marked than median striae; 
metathoracic wings fully developed; elytral 
margins more parallel sided.5 

5. Smaller (body length 6.3-6.8 mm), body 

narrower, more convex; pronotum markedly 
sinuate in front of the acute basal angles, 
these being 90° or less; submarginal basal 
ridge of pronotum scarcely indicated. 
Southern Australia from Western Australia to 
Victoria, coastal. P. australis Chaudoir 

Larger (body length 75-8.5 mm), body wider, 
less convex; pronotum less sinuate, basal 
angles more obtuse, these being c. 100°; 
submarginal basal ridge of pronotum 
conspicuous. Coastal and inland from 
southern half of Western Australia to 

southeastern Queensland. 

. P. cardiotrachelus Chaudoir 

6. Bicoloured, head and pronotum distinctly 

darker than the elytra.7 

Completely testaceous or light reddish, head and 
pronotum not perceptibly darker than elytra 
(variable species under both couplets).9 

7. Elytra distinctly bicoloured: base in middle dark, 

rest pale reddish (Figure 6); body convex; 
pronotum barely sinuate at basal angles; lateral 
striae weak and median striae in basal half 
deep and striae not or little punctate; aedeagus 
rather large, with blade-like, markedly curved 
down apex (Figure 3). Saline Lake Annean, 
central Western Australia.. P. dichrous sp. nov. 

Elytra not or but faintly bicoloured; either body 
convex and pronotum distinctly sinuate at 
basal angles and all striae deep and coarsely 
punctate; or body markedly depressed and 
pronotum not sinuate at basal angles and all 
striae shallow and impunctate.8 

8. Large, convex species (body length 9-11 mm); 

pronotum at base not lobate, lateral margins 
distinctly sinuate in front of basal angles. 
Northern Australia from north-western 


Queensland to the Kimberleys, coastal and 
along tidal rivers.P. variabilis Moore 

Small, depressed species (body length c. 6.5 
mm); pronotum at base lobate, lateral margins 
barely sinuate in front of basal angles. Inland 
saline habitats in Western Australia and 
South Australia.P. zietzi Sloane 

9. = 7 of key in Baehr and Hudson (2001: 14). 
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Abstract - Gray (1856) recognised Chelodina colliei from south-western 
Australia as a different species from Chelodina oblonga Gray, 1841 from 
'Western Australia'. In addition. Gray (1873) specifically mentioned specimens 
of C. oblonga from the Port Essington region of today's Northern Territory. 
Boulenger (1889) synonymized C. colliei with C. oblonga, a view followed by 
later reviewers for over seven decades. Goode (1967) and Burbidge (1967) both 
reinstated Gray's original concept that the longneck turtle of south-western 
Australia represents a distinct species, but erroneously applied and restricted 
the name C. oblonga to the south-western Australian species. Thomson 
(2000) detected this nomenclatural error and subsequently applied to the 
International Commission on Zoological Nomenclature (ICZN case 3351, 
Thomson 2006) to give precedence to rugosa over oblonga whenever the two 
were considered to be conspecific and to place on the official lists the names 
colliei, oblonga and rugosa, thus leaving colliei as the only available name for 
the south-western Australian Chelodina. Since then, the name Chelodina colliei 
was again used by several authors for the south-western Australian taxon, 
including in books and checklists (Bonin et al. 2006; Fritz and Havas 2007; 
Iverson 2007). With case 3351 still under consideration by the ICZN, McCord 
and Joseph-Ouni (2007) further aggravated the nomenclatural confusion 
regarding the south-western Australian longneck turtle by fixing a 'neotype' 
for C. oblonga and by describing the genus Macrodiremys for C. oblonga (= 
colliei), both actions in violation of Articles 75.6 and 82.1 of the 1999 ICZN 
Code. 

Keywords: Testudines, Chelidae, Chelodina colliei, Chelodina oblonga, 
nomenclature 


INTRODUCTION 

Fitzinger (1826) provided a key that defined the 
genus Chelodina based on the nominal type species 
Emys longicollis (= Testudo longicollis Shaw, 1794) 
from an unspecified locality, with the type probably 
coming from the Botany Bay area in Sydney (Cann 
1998). The next and second species described in this 
genus was Chelodina oblonga Gray, 1841 with the 
type locality 'Western Australia'. Gray (1873) stated 
that the collection of the British Museum of Natural 
History also included specimens of C. oblonga from 
the Port Essington region (today in the Northern 
Territory). Gray (1856) described a separate 
species from south-western Western Australia, 
Chelodina colliei from the Swan River. The systematic 
and taxonomic concept of Gray (1856, 1873) was 
clear: he recognised C. colliei from south-western 
Australia on morphological grounds as a different 
species from C. oblonga of 'Western Australia' and 
of the Port Essington region of today's Northern 
Territory. 


One species or two species in northern and south¬ 
western Australia? 

Gray's taxonomic concept applied until Boulenger 
(1889) synonymized C. colliei with C. oblonga, a view 
followed by later reviewers for over seven decades. 
In addition, Ogilby (1890) described Chelodina 
rugosa from Cape York, Queensland, and Werner 
(1901) Chelodina siebenrocki from New Guinea 
('Deutsch-Neu-Guinea'). Siebenrock (1909, 1915) 
synonymised both these taxa with C. oblonga which 
was considered to occur in Northern Australia, 
New Guinea and southwestern Australia until 
the 1960s (Worrell 1963; Pritchard 1967). However, 
Mertens and Wermuth (1955) and Wermuth and 
Mertens (1961) resurrected the New Guinea species 
C. siebenrocki from the synonymy of C. oblonga and 
restricted the name C. oblonga to the populations in 
northern Australia (including the Kimberley area 
in Western Australia) and south-western Australia. 

Goode (1967) and Burbidge (1967) both 
revalidated Gray's original concept that the 
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Chelodina in south-western Australia represents 
a separate species from the Chelodina in northern 
Australia. Goode (1967), recognizing that the 
northern Australian form was more similar to that 
of New Guinea than to the form in the south-west, 
assigned the northern Australian populations to the 
species C. siebenrocki, even though he listed in order 
the dates of the names C. rugosa and C. siebenrocki 
in a single synonymy. In contradiction to Gray's 
(1856) taxonomic concept, Goode (1967) restricted 
the name C. oblonga to the south-western Australian 
form. Burbidge (1967) followed Goode's erroneous 
concept of restricting the name C. oblonga to the 
form in south-western Australia, but pointed out 
that C. siebenrocki was a junior synonym of C. rugosa 
and placed the long-necked turtles of northern 
Australia into the species C. rugosa which he 
resurrected from the synonymy of C. oblonga. 

Goode's (1967) and Burbidge's (1967) confused 
nomenclatural concept - to restrict the name C. 
oblonga to the south-western Australian form 
and to consider C. colliei as its junior synonym 
- was generally accepted until Thomson (2000) 
clarified the nomenclatural situation of the south¬ 
western and northern Australian longneck turtle 
populations by demonstrating that the holotype 
of C. oblonga Gray, 1841 is most similar to the 
Northern Territory form at that time referred to 
as C. rugosa Ogilby, 1890. Thomson (2006) applied 
to the International Commission on Zoological 
Nomenclature (ICZN case 3351: BZN 63: 187-193) 
to conserve the current usage of the name C. rugosa 
for the northern long-necked turtle from northern 
Australia to preserve nomenclatural stability and to 
give C. rugosa precedence over C. oblonga Gray, 1841 
whenever the two are considered to be synonyms; 
and to place on the Official List of Specific Names 
in Zoology the name colliei Gray, 1856, for the south¬ 
western Australian taxon. At present (March 2010) 
the ruling of the ICZN plenum in Case 3351 is still 
outstanding and not yet published. As proposed by 
Thomson (2006), Case 3351 is not directly related 
to the correct name colliei for the south-western 
Australian species. However, since Savage (2007) 
suggested in his comment on Case 3351 to the 
ICZN to conserve the name Chelodina oblonga Gray, 
1841 for the species from south-western Australia, 
I maintain prevailing usage of names in this paper 
by referring to it as C. oblonga (= colliei). 

To summarise, for 127 years, from Gray (1841) 
to Wermuth and Mertens (1961), Worrell (1963) 
and Pritchard (1967), the name C. oblonga was 
consistently applied to the long-necked turtles of 
northern Australia. This period included a 34 year 
period in the nineteenth century (1856-1889) when 
the south-western and northern Australian forms 
were considered to represent distinct species, with 
the name C. oblonga being applied to the northern 


Australian form and the name C. colliei to the 
south-western Australian form. Then, between 1889 
and 1967, a 78 year period, only a single species 
was recognised covering both areas, to which the 
earliest available name, C. oblonga , was applied. This 
was followed by a period of 33 years (1967-1999) 
when C. oblonga was consistently but erroneously 
applied to the south-western species, while rugosa 
or siebenrocki was used for the northern taxon. Now 
there has been a period of ten years (2000-2010) 
when two alternative nomenclatures have been in 
force, one using colliei and the other one oblonga for 
the south-western taxon, while rugosa continued to 
be used for the northern taxon. 

Subgeneric lineages within the genus Chelodina 

Goode (1967) divided the genus Chelodina 
into two species-groups: the narrow-headed C. 
longicollis group (C. longicollis, C. novaeguineae and 
C. steindachneri ) and the broad-headed C. expansa 
group (C. expansa , C. siebenrocki and C. oblonga (= 
colliei)). This concept of subgeneric grouping was 
later adopted by Legler (1981), Legler and Georges 
(1993), and Rhodin (1994a,b). However, Burbidge 
(1967) and Burbidge et al. (1974) differentiated three 
species groups: 1. Chelodina longicollis group (or 
subgeneric group A: C. longicollis , C. novaeguineae 
and C. steindachneri ); 2. Chelodina expansa group 
(or subgeneric group B: C. expansa, C. rugosa, C. 
siebenrocki); 3. Chelodina oblonga (= colliei) group 
(or subgeneric group C: C. oblonga [= colliei] only, 
for the form endemic to south-western Australia). 
Allozyme electrophoresis (Georges and Adams 
1992), mitochondrial 12S rRNA gene sequences 
(Seddon et al. 1997) and mitochondrial and nuclear 
gene sequence variation (Georges et al. 1998) also 
support the existence of the C. oblonga (= colliei) 
group, indicating that C. oblonga (= colliei, the form 
endemic to south-western Australia) is most closely 
related to, and a sister group of, the C. longicollis 
group rather than a member of the C. expansa group 
to which it is more similar in morphology and 
habits. The concept of a distinct subgeneric group 
for the south-western Australian taxon is also 
supported by the gonadal cycles of C. oblonga (= 
colliei) which differ substantially from those of the 
Chelodina expansa group B (Kuchling 1988). 

More recently, Georges et al. (2002) identified by 
plasma electrophoresis three phylogenetic clades 
within the genus Chelodina which are congruent 
with the three species groups defined by Burbidge 
(1967) and Burbidge et al. (1974) and retained the 
name Chelodina for the entire genus. Georges et 
al. (2002) recommended recognition of the three 
clades as subgenera; Chelodina sensu stricto. 
Macro chelodina (see below), and the unnamed 
subgenus represented by C. oblonga (= colliei). 
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The genus-group name Macrochelodina 

The phylogenetic clades within the genus 
Chelodina had not received genus-group names until 
Wells and Wellington (1985) split the genus into 
three genera, using Chelodina for the narrow-headed 
species longicollis and novaeguineae, Hesperochelodina 
for the narrow-headed species steindachneri and 
Macrochelodina for the broad-headed long-necked 
species (oblonga [= colliei ], expansa, rugosa, siebenrocki = 
C. expansa group sensu Goode [1967]). Hesperochelodina 
does not conform to the previously defined clades 
and has not been considered to represent a valid 
genus by subsequent workers, but Iverson et al. 
(2001) validated the name Macrochelodina. As type 
species for the genus Macrochelodina , Wells and 
Wellington (1985) designated C. oblonga Gray, 1841. 
However, C. oblonga (= colliei ) is not part of the 
C. expansa group (Burbidge, 1967; Burbidge et al. 
1974; Georges and Adams 1992; Seddon et al. 1997; 
Georges et al. 1998, 2002). As such Macrochelodina 
could have been a valid generic or subgeneric name 
for the C. oblonga (= colliei ) group of south-western 
Australia. However, the holotype of C. oblonga Gray, 
1841 with the type locality 'Western Australia' was 
later found to be conspecific with the Northern 
Territory form at that time referred to as C. rugosa 
(Thomson 2000). 

Wells and Wellington's (1985) Macrochelodina 
encompassed two of the currently-recognised 
clades or subgenera, its type species having been 
specified to be C. oblonga Gray, 1841 which they 
considered to be the south-western Australian 
species. However, since the holotype of C. oblonga 
Gray, 1841 which defines the type species they 
designated for the genus Macrochelodina was later 
found not to represent the taxon endemic to south¬ 
western Australia but the northern Australian 
form (Thomson 2000), Wells and Wellington 
(1985) ended up providing a valid and available 
name, Macrochelodina, for the broad-headed clade 
of Chelodina (explicitly C. expansa, C. rugosa, C. 
siebenrocki), but excluding the endemic south¬ 
western Australian C. oblonga (= colliei). 

Articles 67.9 and 70.3 of the Code of the 
International Commission on Zoological 
Nomenclature (ICZN) state: "If an author discovers that 
a type species was misidentified, the author may select, 
and thereby fix as type species, the species that will, in 
his or her judgment, best serve stability and universality, 
either: 70.3.1. The nominal species previously cited as type 
species or 70.3.2: the taxonomic species actually involved 
in the misidentification." Iverson et al. (2001) chose 
the course of 70.3.1 - the type of C. oblonga refers to 
a northern Australian taxon (Thomson 2000) - and 
fixed C. rugosa Ogilby, 1890 as new type species for 
the genus Macrochelodina Wells and Wellington, 1985. 
However, a change of type species for Macrochelodina 
was unnecessary at the time in order to apply the 
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name Macrochelodina to the northern, broad-headed 
clade, as the original type species oblonga (as a senior 
synonym of rugosa - Thomson 2000) already serves 
the purpose of fixing Macrochelodina in its current 
sense. This makes the validity of the Iverson et al. 
(2001) new type species designation questionable. 
Such an act would only be necessary if and when 
the ICZN plenum should set aside the existing 
holotype and should fix a neotype for C. oblonga as 
proposed by Savage (2007). It would be unnecessary 
if the ICZN follows the course of Thomson's (2006) 
application. 

The genus-group name Macrodiremys 

McCord and Joseph-Ouni (2007) elevated 
Burbidge's (1967) subgeneric group C (C. oblonga [= 
colliei ] group) to full generic status and named this 
genus Macrodiremys. Even though it is clear from 
their description that the intention of McCord and 
Joseph-Ouni (2007: 57, 58) was to provide a genus 
name for the south-western Australian taxon C. 
oblonga (= colliei), they fixed as type species for the 
genus Macrodiremys by original designation and 
monotypy C. oblonga Gray, 1841. In the same paper 
McCord and Joseph-Ouni (2007: 56) set aside Gray's 
1841 C. oblonga holotype (BMNH 1947.3.5.89) and 
designated Gray's 1856 C. colliei lectotype (BMNH 
1947.3.5.91) as the neotype of C. oblonga. However, 
this action was invalid under the 1999 ICZN 
Code Article 75.6 (Fritz 2008) and their purported 
'neotype' had never any name-bearing status other 
than that which it possessed prior to its neotype 
designation. 

Thomson (2006) had already applied to 
the International Commission on Zoological 
Nomenclature (ICZN case 3351) to conserve the 
current usage of the name C. rugosa Ogilby, 1890 
for the northern long-necked turtle from northern 
Australia to preserve nomenclatural stability and to 
give C. rugosa precedence over C. oblonga Gray, 1841 
whenever the two are considered to be synonyms; 
and to place on the Official List of Specific Names in 
Zoology the name colliei Gray, 1856, as published in 
the binomen Chelodina colliei and as defined by the 
lectotype (BMNH 1947.3.5.91) for the south-western 
Australian taxon. Savage (2007) opposed Thomson's 
(2006) proposal and asked the ICZN to use its 
plenary power to set aside all previous designations 
of type specimen for C. oblonga Gray, 1841 and to 
designate as its neotype BMNH 1947.3.5.91, the 
lectotype of C. colliei Gray, 1856. In comment 64:2 on 
ICZN case 3351 Thomson (2007) stood by his original 
proposal. Fritz (2008), Kraus (2009), Georges (2009), 
and Iverson (2009) supported Thomson's application 
and reasoning and the usage of the name Chelodina 
colliei Gray, 1856 for the south-western Australian 
taxon. No ruling of the ICZN plenum in case 3351 
has been published by April 2010. 


452 


G. Kuchling 


When a case is under consideration by the ICZN, 
prevailing usage of names is to be maintained until 
the ruling of the Commission is published (Article 
82.1). The main focus of ICZN case 3351 is to give C. 
rugosa Ogilby, 1890 precedence over C. oblonga Gray, 
1841 (Thomson 2006). Thus, in the early 21 st century 
all authors and reviewers followed the prevailing 
usage of the name C. rugosa for the northern 
Australian taxon. However, Gray's (1856) correct 
taxonomic concept and name C. colliei was applied 
again for the south-western Australian taxon by 
many authors, including in books and checklists of 
chelonians of the world (Bonin et al. 2006; Fritz and 
Havas 2007; Iverson 2007). 

McCord and Joseph-Ouni (2007), when invalidly 
setting aside Gray's 1841 C. oblonga holotype 
(BMNH 1947.3.5.89) and designated Gray's 1856 
C. colliei lectotype (BMNH 1947.3.5.91) as the 
neotype of C. oblonga , neither made a submission 
to the ICZN for a ruling, nor discussed the open 
ICZN case 3351, nor referred to Savage's (2007) 
submission to the ICZN, nor referred to Thomson's 
(2007) arguments against Savage's submission, nor 
referred to recent publications (Bonin et al. 2006; 
Fritz and Havas 2007; Iverson 2007) which used 
again the name C. colliei for the south-western 
Australian taxon. The rules of the International 
Commission on Zoological Nomenclature are 
clear and unambiguous in regard to designation 
of neotypes for species-group taxa: according 
to Article 75.6 of the 1999 ICZN Code "When an 
author discovers that the existing name-bearing type 
of a nominal species-group taxon is not in taxonomic 
accord with the prevailing usage of names and stability 
or universality is threatened thereby, he or she should 
maintain prevailing usage and request the Commission 
to set aside under its plenary power the existing name¬ 
bearing type and designate a neotype." Under ICZN 
rules individual authors specifically do not have 
the power to set aside existing species-group 
types and to designate neotypes (in contrast to 
genus-group type species, for which existing type 
species can be set aside and new type species fixed 
through publication without making an application 
to the Commission) - for very good reasons this 
nomenclatural act can only be done under ICZN 
plenary power. If an author (e.g. McCord and 
Joseph-Ouni 2007) simply designates a neotype 
for a species of which the original holotype exists 
and about whose taxonomic identity there is no 
doubt (Thomson 2000, 2006; Fritz 2008), the action is 
invalid and the designated 'neotype' has no name¬ 
bearing status other than that which it possessed 
prior to its neotype designation. 

Availability of the genus group name 

Macro diremys 

At the time of McCord and Joseph-Ouni's (2007) 


publication (mailed on 30 November 2007) the 
ruling of the ICZN in Case 3351 was still pending. 
Therefore, the name bearing type of Chelodina 
oblonga Gray, 1841 was clearly the specimen BMNH 
1947.3.5.89 at the time of McCord and Joseph-Ouni's 
(2007) publication. This would still apply even if 
a future ruling of the ICZN plenum should rule 
against Thomson's (2006) submission and designate 
a neotype for C. oblonga Gray, 1841 as proposed 
by Savage (2007): according to Article 80.3 of the 
1999 ICZN Code "Rulings in Opinions have force 
immediately upon publication by the Commission 
in the Bulletin of Zoological Nomenclature", but 
clearly they cannot and must not be applied 
retrospectively to already published literature. It is 
therefore clear that on McCord and Joseph-Ouni's 
(2007) publication date, the holotype defining the 
species C. oblonga Gray, 1841 was the specimen 
with the catalogue no. 1947.3.5.89 in the Natural 
History Museum, London (BMNH). This specimen 
is regarded as conspecific with the holotype of C. 
rugosa Ogilby 1890, catalogue number R6256 in the 
Australian Museum, Sydney (Thomson 2000). 

Chelodina oblonga Gray, 1841 had originally 
also been fixed as type species for the genus 
Macrochelodina Wells and Wellington, 1985. Wells 
and Wellington clearly intended the type species to 
be the south-western species (C. oblonga [= colliei ]) 
which they erroneously regarded as a member of 
the northern, broad-headed clade. Since the original 
type species oblonga is a senior synonym of rugosa 
(Thomson 2000), Wells and Wellington (1985) had 
evidently misidentified the type species and thus 
fixed Macrochelodina in its current sense as genus 
group name for the northern, broad-headed clade. 
However, in McCord and Joseph-Ouni's (2007) 
case there was no taxonomic misidentification 
involved in the type species they fixed for the 
genus Macro diremys: they specifically referred 
to Thomson's (2000) correction of the previous 
misidentification of the C. oblonga holotype (BMNH 
1947.3.5.89). What was involved was their violation 
of the 1999 ICZN Code by invalidly setting aside 
Gray's (1841) holotype and invalidly designating a 
'neotype' for C. oblonga. 

This leaves open three possibilities for the 
availability of the genus group name Macrodiremys. 

According to Article 69.2.4 of the ICZN: "if 
an author subsequently designates as type species a 
species originally included ... as an expressly stated 
misidentification or misapplication of a previously 
established nominal species, the species so designated 
is the nominal species denoted by the name of the 
taxonomic species actually involved (and not the nominal 
species cited)". McCord and Joseph-Ouni (2007) 
when establishing the nominal genus Macrodiremys 
fixed Chelodina oblonga as the type species by 
monotypy, but they expressly employed the name 
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C. oblonga in the sense of a misidentification used 
by Goode (1967) and other authors and not in the 
taxonomic sense of Gray (1841), the original author 
of the binomen. According to ICZN Article 11.10 
by that act McCord and Joseph-Ouni (2007) can 
be deemed to have established the new nominal 
species Macrodiremys oblonga McCord and Joseph- 
Ouni, 2007 for the taxon actually involved and to 
have fixed this (and not Chelodina oblonga Gray, 
1841) as the type species of Macrodiremys. If the 
invalidity of McCord and Joseph-Ouni's (2007) 
neotype designation for C. oblonga is ignored and 
their wording ("the type species is herein fixed as 
Macrochelodina ( Chelodina ) oblonga (Gray, 1841)... ", 
McCord and Joseph-Ouni 2007: 57) considered 
to be irrelevant, it could be argued that the type 
species of Macrodiremys oblonga McCord and Joseph- 
Ouni, 2007 is defined by the type of Chelodina colliei 
(BMNH 1947.3.5.91). In this case Macrodiremys could 
simply be used by default as genus-group name for 
the south-western longneck turtle (e.g. Artner 2008; 
Rhodin et al. 2008). 

However, since McCord and Joseph-Ouni's (2007) 
neotype designation for C. oblonga is invalid under 
the ICZN Code, it can also be argued that McCord 
and Joseph-Ouni's subsequent nomination of a 
redefined C. oblonga must also be invalid, so that 
ICZN Art. 11.10 cannot apply. In that case the genus 
Macrodiremys is a junior synonym of Macrochelodina 
and does not apply to the south-western longneck 
turtle. In that case no available genus-group name 
exists for the south-western longneck turtle. 

It can also be argued that the designation of a 
neotype for C. oblonga by McCord and Joseph-Ouni 
(2007) and the provision of a new generic name for 
the south-western species are two very different 
nomenclatural acts and that ICZN Article 11.10 can 
apply to the latter even though the first was invalid. 
In that case, since McCord and Joseph-Ouni's (2007) 
neotype designation for C. oblonga is invalid under 
the ICZN Code, the type species of Macrodiremys 
as designated by McCord and Joseph-Ouni is a 
misapplication of the species defined by the C. 
oblonga Gray, 1841 holotype (BMNH catalogue no. 
1947.3.5.89) to the south-western Australian taxon. 
Then, in order to uphold the original intention 
of McCord and Joseph-Ouni (2007) to provide a 
genus group name for the south-western Australian 
longneck turtle, a new nomenclatural act is 
necessary according to ICZN Article 70.3.2 to fix a 
new type species for Macrodiremys. 

There is no clear cut answer in this case and 
it does not seem reasonable to try to solve this 
confusing situation prior to the ruling of the ICZN 
plenum in case 3351 being published. Hopefully, 
in their ruling on case 3351, the ICZN plenum will 
take suitable action to solve these problems. 
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Abstract - I review genetic and call structure data available to define species 
boundaries in the genus Neobatrachus, synonomise N. centralis with N. sudelli, 
synonomise the genus Neoruinosus Wells and Wellington with Neobatrachus 
and correct an error in the registration number for the type specimen of N. 
albipes. 


INTRODUCTION 

The genus Neobatrachus is notable for the 
occurrence of at least three tetraploid taxa of 
burrowing frogs in the Australian arid zone: N. 
aquilonius, N. kunapalari and N. sudelli with the 
remaining species all diploid (Mahony and Robinson 
1980, 1986; Mahony and Roberts 1986; Roberts et al. 
1991). Data on call structure variation, karyotypes 
and on relationships and species boundaries defined 
by mitochondrial DNA have contributed important 
data relevant to taxonomy in the genus Neobatrachus 
(Mahony et al. 1996; Mable and Roberts 1997; Roberts 
1997a,b). 

Despite these data being available, several 
problematic (but solvable) issues in Neobatrachus 
taxonomy remain. First, the application of the names 
N. centralis, N. sudelli and N. aquilonius seems to cause 
considerable confusion (see discordant distribution 
maps in Barker et al. (1995); Tyler et al. (2000) and 
Anstis (2002)). Related to this issue is the validity 
of the genus Neoruinosus that Wells and Wellington 
(1985) erected for Neobatrachus sudelli, and this action 
is clearly linked to the status of N. sudelli vis-a-vis N. 
centralis. Lastly, a contribution to taxonomy in this 
genus accidentally included incorrect details on the 
type specimen of N. albipes (Roberts et al. 1991). 

I review the status of names used to describe 
Neobatrachus species in Australia, discuss the 
status of the genus Neoruinosus, make taxonomic 
recommendations based on those reviews and 
correctly define the type specimen of Neobatrachus 
albipes. 

NEOBATRACHUS SPECIES NAMES AND 
PLOIDY STATUS 

albipes Roberts, Mahony, Kendrick and Majors, 1991 

(diploid) 


aquilonius Tyler, Davies and Martin, 1981 (tetraploid) 

centralis (Parker, 1940) (tetraploid) 

fulvus Mahony and Roberts, 1986 (diploid) 

kunapalari Mahony and Roberts, 1986 (tetraploid) 

pelobatoides (Werner, 1914) (diploid) 

pictus Peters, 1863 (diploid) 

sudelli (Lamb, 1911) (tetraploid) 

sutor Main, 1957 (diploid) 

wilsmorei (Parker, 1940) (diploid) 

TAXONOMIC RECOMMENDATIONS 

Neobatrachus centralis and N. sudelli 

Parker (1940) did not examine specimens from 
within the known range of N. pictus (Roberts 1978). 
Moore (1961) and Hosmer (1958) both considered 
N. sudelli was a junior synonym of N. pictus, but 
Parker (1940) was less confident of that synonomy. 
Roberts (1978) redefined N. pictus, resurrected N. 
sudelli from the synonomy of N. pictus and argued 
that N. centralis may be a junior synonym of N. 
sudelli. Parker (1940) did distinguish two forms 
of Neobatrachus - from southeastern and inland 
eastern Australia: N. centralis and what he referred 
to as N. pictus (i.e. actually N. sudelli). There is no 
question about the status of N. pictus or of the status 
of N. sudelli (Roberts 1978). What is uncertain is the 
status of N. centralis relative to N. sudelli. The data 
reviewed below suggest there is no compelling 
reason to split N. sudelli and N. centralis despite 
some variation across the range of the two taxa. 

Data on male call (Roberts 1997a,b) and 
relationships based on mitochondrial DNA indicate 
there is a single taxon, N. sudelli, ranging from 
southeast Queensland to western Victoria and 
southeastern South Australia, west to Menzies in 
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Western Australia and north into the Tanami desert 
in the Northern Territory. This set of populations 
showed remarkably little variation in mitochondrial 
DNA (Mable and Roberts 1997) but the specimens 
in that clade had been variously designated in 
museum collections as N. sudelli, N. centralis and 
N. aquilonius (e.g. see names used in museum 
collections in sample details in Mable and Roberts 
1997). There was some variation in male call across 
the range defined by the mtDNA clade (Roberts 
1997b) but the species was well differentiated from 
calls of most other species except N. aquilonius 
(Roberts 1997a,b). The call and mtDNA data sets 
included material from close to the type locality for 
N. sudelli (Warwick in southeast Queensland) where 
only a single Neobatrachus species has been reported 
(e.g. Robinson 1993; Barker et al. 1995; Cogger 2000). 
There is some evidence of hybridization between N. 
sudelli and N. kunapalari near Menzies in Western 
Australia and probable strong selection against 
hybrids given that some hybrid frogs exhibited 
severe abnormalities (Roberts 1997b). Tetraploid 
species of Neobatrachus may also hybridise with 
diploid species at geographic contact points 
(Mahony et al. 1996) but the occurrence of hybrids 
is not necessarily an indication of any close 
relationship as the capacity to hybridise may be a 
retained, primitive character (Wiley 1981). 

I refer the name Neobatrachus centralis (Parker, 
1940) to the synonomy of N. sudelli (Lamb, 1911). 
Neobatrachus sudelli is a tetraploid taxon with the 
nucleolar organiser region (NOR) subterminal 
on chromosome 5 (Mahony and Robinson 1980, 
1986; Mahony and Roberts 1986). It ranges from 
Queensland to Western Australia across areas with 
primarily winter to high summer rainfall as well 
as arid areas with upredictable precipitation. This 
species can be distinguished from N. kunapalari , 
also a tetraploid species, by the location of the 
nucleolar organiser region (NOR): the NOR is 
medial on chromosome 7 in N. kunapalari (Mahony 
and Roberts 1986). 

Distinction of N. sudelli from N. aquilonius is 
less clear cut but the separate status of N. sudelli is 
strongly supported by the exclusion of N. sudelli 
from clades including N. aquilonius and N. fulvus 
based on mtDNA. A close relationship between 
N. fulvus and N. aquilonius is indicated by mtDNA 
sequence data (Mable and Roberts 1997) and a 
strong similarity in male call (Roberts 1997a,b). 
Neobatrachus aquilonius and N. sudelli (as defined 
above) are likely to meet in inland northern 
Australia somewhere between the Tanami Desert 
and the northwest coast. Geographically N. 
aquilonius and N. sudelli may overlap or abut and 
they may hybridise. However, there are insufficient 
voucher specimens and associated tissue samples 
from these areas to test these ideas. 


The use of mtDNA sequence to define 
relationships may not be reliable if the same 
female line hybridised with different male lineages 
to generate distinct allopolyploid lineages: the 
lineages would share mtDNA phenotypes but 
have different, mixed nuclear genotypes. Multiple 
hybridisation events leading to numerous similar 
but distinct allopolyploid lineages have been 
reported in Hyla versicolor with subsequent 
hybridisation between tetraplopid lineages leading 
to a single interbreeding species (e.g. Holloway 
2007). The occurrence of hybrids between diploid 
and tetraploid species where their ranges meet 
potentially allowing cross-species transfer of 
mtDNA might also complicate interpretation of 
mtDNA trees (cf. Mahony et al. 1996). 

In contrast, although there is considerable 
variation revealed by allozyme analysis in 
Neobatrachus , those data found unique alleles 
(particularly in geographically remote populations) 
but not fixed differences between populations 
attributed to N. centralis and N. sudelli (Mahony et 
al. 1996) supporting the uniformity suggested by 
call and a naive interpretation of the mtDNA data 
(Mable and Roberts 1997; Roberts 1997a,b). 

Many authors seem able to distinguish N. sudelli 
from N. centralis or understand there is either a 
morphological or geographic distinction as both 
names are widely used, but the basis of those 
designations has never been critically tested (e.g. 
Robinson 1993; Barker et al. 1995; Cogger 2000; Tyler 
et al. 2000; Anstis 2002). There may be some support 
for ultimate subdivision of N. sudelli as defined here 
based on more detailed analyses of morphology, 
call or genetic data. Given the published data, 
however, subdivision is not reasonably justified at 
present. 

The distinction of all other Neobatrachus species 
is clear based on morphology, external colouration 
and pattern, karyotype (particularly NOR position), 
allozyme phenotype, ploidy level, and/or male call 
(Mahony and Robinson 1980, 1986; Mahony and 
Roberts 1986; Mahony et al. 1996; Roberts 1997a,b; 
Roberts et al. 1991). 

Status of Neoruinosus Wells and Wellington, 1985 

Wells and Wellington (1985) introduced the genus 
name Neoruinosus distinct from Neobatrachus for 
a single species, Neoruinosus sudelli , and claimed 
this might be a complex of several species but 
did not describe any characters that exclusively 
defined the genus or excluded this species from the 
genus Neobatrachus. They claimed Neoruinosus was 
'readily identified by the following combination 
of characters: Skin possessing numerous warts 
dorsally and smooth ventrally; groin skin very 
loose; toes nearly fully webbed; eye about equal to 
the distance to the tip of the snout; inner metatarsal 
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tubercle black; indistinct tympanum; reaches about 
40mm total length' (p. 3). The genus was monotypic 
containing only Neoruinosus sudelli (Wells and 
Wellington 1985). With the exception of the loose 
groin skin and body size, this combination of 
character states is also a very good description of 
Neobatrachus kunapalari (cf. Mahony and Roberts 
1986). 

Wells and Wellington gave no characters or 
combination of characters to uniquely define 
Neoruinosus. Based on available phylogenetic data 
(Mable and Roberts 1997) there is no compelling 
reason to suspect N. sudelli is anything other than a 
Neobatrachus species with which it shares common 
call structures and breeding biologies, and can 
hybridise successfully (Roberts 1997b), although 
it may be a basal lineage in the genus (Mable 
and Roberts 1997, figure 3A). Interestingly, Wells 
and Wellington left N. centralis in Neobatrachus 
suggesting they felt N. centralis and N. sudelli were 
distinctive, contrary to the data reviewed above. 

Based on available data on male call, karyotype, 
NOR position and capacity to hybridise, I therefore 
refer Neoruinosus to the synonomy of Neobatrachus 
Peters, 1863. 

Type specimen of Neobatrachus albipes 

In the original description of Neobatrachus 
albipes by Roberts et al. (1991), the type specimen 
of N. albipes was defined two ways: by a Western 
Australian Museum (WAM) register number 
(WAM R101178) and by a recording number as Frog 
#3 on JDR Tapes 79 and 80 referring to reel-to-reel 
recordings in the J.D. Roberts recording collection. 

WAM R101178 is a specimen of N. pelobatoides 
collected 20.5 km west of Jerramungup by C.M. 
Majors on 25 May 1989 and recorded as Frog #10 
on JDR Cassette 29 in the J.D. Roberts recording 
collection. The animal described in the type 
description of N. albipes does not match WAM 
R101178 in any morphological characters. 

The defining feature for the type of N. albipes is 
the field recording number. Frog #3, JDR Tapes 79 
and 80 recorded by J.D. Roberts and FG. Kendrick 
on May 3 1988, 4.2 km north of Hopetoun, Western 
Australia. In the Western Australian Museum 
register this recording number is associated with 
a frog, WAM R101182, that fits the published type 
description of N. albipes in all details. 

The correct assignation of the type specimen of N. 
albipes should be WAM R101182, as defined by the 
field recording number. 

Frogs in the genus Neobatrachus seem to cause 
many field workers considerable taxonomic 
difficulty. The realisation that there may be one 
tetraploid species, N. sudelli , ranging over much of 
inland and southeastern Australia, may limit some 
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of the difficulty in making taxonomic decisions. 
Cryptic species of nearly all Neobatrachus species 
can be readily recognised by a combination of male 
call and geographic location if practitioners make 
use of the available, detailed literature. 
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INTRODUCTION 

Although a urinary bladder is present 
within Testudines, Sphenodon and at least some 
amphisbaenians (Cope 1900; Fox 1977; Minnich 
1982), it is absent in crocodilians and snakes 
(Bentley 1979) as well as many lizards (Bentley 1979; 
Minnich 1982; Beuchat 1986). A summary table of 
lizard species known to possess a urinary bladder 
was provided by Beuchat (1986), and contrary to 
earlier generalizations of its widespread presence 
among lizards (e.g. Fox 1977) it is variably present 
within many clades. Its presence and size vary 
intraspecifically and with ontogenetic stage in 
at least some taxa, with known variation best 
explored and understood in the iguanians (Mulaik 
1946; Beuchat et al. 1985; Beuchat 1986). It is clearly 
present in neonates of several phrynosomatid 
lizards that lack a urinary bladder as adults 
(Beuchat et al. 1985), or retain only a vestigial 
structure known as a 'bladder stalk' (Mulaik 1946). 

Among skinks (Scincidae), a urinary bladder 
is known to be present only within Chalcides 
mionecton, Plestiodon fasciatus (reported as Eumeces), 
Plestiodon obsoletus (originally reported as Eumeces 
guttulatus ), Feylinia currori, Ctenotus leonhardii 
(reported as Lygosoma taeniolatum ), Scincus scincus 
(reported as Scincus officinalis ), Tiliqua rugosa 
(reported as Trachydosaurus rugosus ) and Tiliqua 
scincoides (Brooks 1906; Reynolds 1939; Gabe and 
Saint Girons 1965; Goddard 1969; Bentley 1976; 
Beuchat 1986). To that list may now be added the 
Australian skink Egernia depressa. Interestingly, 
Scincidae was one of only three families in which 
a urinary bladder was consistently reported 
by Beuchat (1986). However, in light of the 
physiological significance of functional bladders, 
and given the limited availability of data within 
the speciose Scincidae clade, variation within other 
squamate clades, and ontogenetic and intraspecific 


variation in the presence or condition of a bladder, 
it is important to document all known occurrences, 
as well as known absences, of the urinary bladder. 

MATERIALS AND METHODS 

On 4 June 2005, we collected 10 specimens of 
the northern, saxicolous form of Egernia depressa 
in a boulder field southwest of Nanutarra along 
the Northwest Coastal Highway in the Pilbara 
District of Western Australia. Specimens were 
collected as part of an effort to build a skeletal 
collection for the Western Australian Museum 
(WAM), and, after liver tissues were collected, 
were field-dressed and dried as a preliminary 
step in skeletonization. During initial preparation 
(skinning and eviscerating) we noted that each 
individual released a substantial volume of fluid 
from the vicinity of the cloaca. Careful (but 
necessarily limited) field dissection of one specimen 
was completed to determine the source of the fluid. 
Two additional specimens (a male and a female) of 
the northern form of E. depressa were obtained on 
10 June 2006. These were collected along the Great 
Northern Highway, approximately 180 km west (by 
road) of Port Hedland. They were sheltered under 
a small stone by the roadside, but were 300 m or 
more from the nearest significant outcrop of rock. 
On 13 June 2006 we collected three specimens of 
the southern form of E. depressa along the North 
West Coastal Highway, approximately 79 km by 
road N-NE of the right angle turn of the highway at 
Carnarvon. 

RESULTS 

Field dissection of the single specimen collected 
in 2005 revealed the source of the fluids to be a 
urinary bladder filled with clear liquid. The bladder 
in E. depressa is a sac positioned posteroventrally 
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Table 1 Summary data for specimens of northern (n) and southern (s) forms of Egernia depressa with apparently full 
urinary bladders. SV = Snout-to-vent length. SV above 100 mm is considered an adult; other specimens are 
considered to be juveniles, but not neonates. 


WAM-R# 

n/s 

Sex 

Mass (g) 

SV (mm) 

Collection Date 

167600 

n 

M 

34.0 

103 

4 June 2005 

167606 

n 

F 

25.0 

97 

4 June 2005 

167602 

n 

F 

34.0 

103 

4 June 2005 

167608 

n 

F 

33.0 

106 

4 June 2005 

167609 

n 

F 

13.0 

79 

4 June 2005 

167612 

n 

M 

23.5 

96 

4 June 2005 

167613 

n 

F 

35.5 

108 

4 June 2005 

167616 

n 

M 

37.5 

106 

4 June 2005 

167617 

n 

F 

17.0 

83 

4 June 2005 

167618 

n 

M 

17.0 

86 

4 June 2005 

162907 

n 

M 

18.3 

83 

10 June 2006 

162908 

n 

F 

37.0 

116 

10 June 2006 

162909 

s 

F 

42.0 

112 

13 June 2006 

162910 

s 

F 

13.5 

78 

13 June 2006 

162911 

s 

M 

35.0 

94 

13 June 2006 


in the body cavity, with its main portion situated 
just anterior to the pelvic symphysis and vent. All 
10 specimens collected in 2005 had turgid urinary 
bladders. Body mass, sex, and snout-vent (SV) 
lengths are provided in Table 1. Extensive rains had 
passed through the area the week prior to collection 
(i.e. in late May), and some standing water 
remained among the rocks. According to Bureau 
of Meteorology statistics (http://www.bom.gov. 
au/climate/data/weather-data.shtml), the Wyloo 
weather station (8.3 km from Nanutarra) recorded 
above-average rainfall of 43.0 mm in May 2005, 
making it one of the wettest months of the year. 

Both specimens (a male and a female) from the 
10 June 2006 collection also had well-distended 
urinary bladders filled with a clear fluid. In the 
female (WAM R162908, the bladder measured 
2.2 cm along its anteroposterior axis, and 1.5 cm 
along its mediolateral axis. Rainfall data from the 
Whim Creek Station indicate May and June were 
dry months in 2006, with recorded rainfall of 0.0 
mm and 1.0 mm, respectively, and a similarly low 
rainfall was recorded at Roebourne (0.2 mm and 
0.0 mm, respectively, for May and June). A urinary 
bladder was also present in all three specimens 
collected on 13 June 2006, and all appeared full. The 
Minilya Station recorded rainfall of 9.6 mm in May 
2006 and 4.8 mm in June 2006. 

DISCUSSION 

A urinary bladder was present in both sexes and 
in the largest and smallest E. depressa specimens 
we captured (Table 1). The smallest females were 
13 g and 13.5 g with SV lengths of 79 mm and 78 


mm, respectively. The smallest males were 17 g (86 
mm SV) and 18.3 g (83 mm SV). Neonates born in 
captivity were previously recorded with SV lengths 
of 54 mm to 59 mm (Day 1980), and a SV length of 
100 mm is considered to be an adult (Cogger 2000; 
Chappie 2003). None of our specimens are neonates, 
but our data demonstrate that the urinary bladder 
is present and functional in both sexes and across a 
range of body size, including juveniles and adults. 

The urinary bladder in these specimens of 
Egernia was transparent and quite delicate when 
full (it was easily pierced). These conditions appear 
to apply to the bladders of at least some other 
lizards (Beuchat 1986). However, although the 
urinary bladder of some lizards may be difficult to 
identify (particularly in preserved specimens), and 
sometimes is best seen in castings (Beuchat 1986), 
we were fortunate that in our fresh specimens it 
was not only a well-developed structure, but was 
easy to see because it was distended with fluid. 
Given that all specimens we found had a distended 
bladder, it seems unlikely that we serendipitously 
captured in three populations only those members 
who were in dire need of micturition. 

The function of the urinary bladder is not well 
understood in lizards generally (Minnich 1979; 
Beuchat et al. 1986). One obvious function of the 
urinary bladder is as a water storage structure 
(Bentley 1979; Beuchat et al. 1985, 1986) from which 
resorption can occur in times of water stress. 
However, in addition to water balance, the bladder 
may play a broader role in osmoregulation. The 
bladder and cloacal membranes of many reptiles 
also are capable of resorbing sodium from urine. 
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and water resorption may be accompanied by ion 
transport (Bentley 1976, 1979; Shoemaker and Nagy 
1977; see also Skadhauge 1977 and Minnich 1979). 
Surprisingly, the functional significance of urinary 
bladders in lizards was investigated in detail 
only three times. In the phrynosomatid Sceloporus 
jarrovii, the urinary bladder is present in neonates 
(vestigial in adults) and serves an osmoregulatory 
function as a fluid reservoir (Beuchat et al. 1986). 
A water storage function was also suggested for 
the Namib Desert lizard Aporosaura anchietae by 
Louw and Holm (1972) and Cooper and Robinson 
(1990), but in neither case were the authors able 
conclusively to document such a function. They did 
suggest that the species retains water in the bladder 
during periods when water is abundantly available. 
Long-term osmoregulatory benefit derived from 
a urinary bladder was recently demonstrated for 
Heloderma suspectum (Davis and DeNardo 2007); in 
that species the bladder was shown to hold large 
quantities of dilute urine for a period of several 
weeks. 

Function of the urinary bladder in E. depressa 
can only be inferred from circumstantial evidence, 
and is, therefore, tentative at best (Minnich 1982). 
However, it seems likely that the urinary bladder 
plays a role in water storage, and may also serve 
more complex osmoregulatory functions. Especially 
in the 2005 collection, abundant water was available 
on the surface for the week prior to and including 
the collection date. In all three populations, all 
specimens we collected had distended bladders. It 
is interesting that all our specimens were taken in 
the early winter; although not specifically known 
for E. depressa, winter hibernation is apparent in 
most species of the Egernia group (Chappie 2003). 
Bladder permeability, resorption potential and 
osmoregulatory functions are unknown in Egernia 
depressa. Although we do not know the duration 
over which water can be held in the bladder of 
that species, the presence of distended bladders 
following dry months (2006 collection) suggests a 
potentially significant capacity for long-term water 
storage. 

The presence of a urinary bladder is not 
documented in other species of Egernia, nor in the 
newly erected Liopholis, Bellatorias and Lissolepis that 
now accommodate species previously classified 
within Egernia (Gardner et al. 2008). A urinary 
bladder is known to occur in the closely related 
Tiliqua scincoides and T. rugosa (Goddard 1969; 
Bentley 1976; Beuchat 1986), which, when combined 
with the occurrence in E. depressa, provides a 
phylogenetic bracket that suggests the presence 
of a bladder in all but the two swamp-dwelling 
Eissolepis within the Egernia group (based on the 
strict consensus tree recovered by Gardner et al. 
2008). 
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A distended bladder is apparently common in 
both northern and southern forms of E. depressa 
in the late autumn/early winter. It is readily 
visible, easy to access with dissection, and contains 
significant fluid at that time of year. These data 
suggest that E. depressa is an excellent species for 
field and laboratory investigations of water balance 
and osmoregulation. 
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